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PREFACE 



This volume is the second of six appendix volumes to Technology and the American Economy, 
the report of the National Commission on Technology, Automation, and Economic Progress. The 
full series of appendix volumes is as follows: 

I. The Outlook for Technological Change and Employment 

II. The Employment Impact of Technological Change 

III. Adjusting to Change 

IV. Educational Implications of Technological Change 

V. Applying Technology to Unmet Needs 

VI. Statements Relating to the Impact of Technological Change. 

This volume contains 11 studies dealing with the employment impact of technological change, 
prepared by independent experts at the request of the Commission. 

Part 1 deals with the pace of technological change, and contains three studies, the first by the 
Bureau of Labor Statistics. The BLS has for several years contributed significantly to understanding the 
employment impacts of technological change through its “disemployment” analysis — comparison for 
the economy and for industry sectors of the net relationship between employment-increasing growth 
of output and employment-decreasing growth of output per man-hour. At the request of the Com- 
mission, BLS extended that analysis to the establishment level, finding little difference in general 
between industry relationships and establishment relationships. Frank Lynn undertook a number 
of case studies of the elapsed time involved in the process of invention, innovation, and diffusion of 
new technologies, and Edwin Mansfield undertook a review of the literature on the subject. Both 
concluded that some acceleration in the pace had apparently occurred but that the time involved 
was sufficiently long to support Lynn’s judgment that “any technology which will have a significant 
impact upon employment and unemployment within the next 10 yeai's must already be in a readily 
identifiable stage of commercial development.” 

Part 2 deals with the employment impact of technological change by industry. Butcher, New- 
house, and Haller each describe technological developments occurring in agriculture, banking, and 
steelmaking, respectively, evaluate the employment impact of those technologies, and speculate upon 
the future. 

Part 3, on skill requirements, contains three studies. James Bright, through a series of case 
studies, examines the impact upon skill requirements of a number of actual installations of automatic 
equipment. He finds that the general tendency is to reduce rather than to increase the skill content 
of the jobs. Horowitz and Herrnstadt approach the same problem by examining the raw data upon 
which the 1949 and 1960 editions of the Dictionary of Occupational Titles were based. They found no 
significant changes in skill requirements in general over the period. Charles Walker, also through 
case studies, does find significant changes occurring in the nature of work. 

In part 4, on hours of work and leisure, Myron Joseph examines current issues related to shorten- 
ing the basic workweek and comes to negative conclusions. Elreps and Spengler compare the alterna- 
tive possibilities for growth in income or leisure in an economy where the output of an hour’s work 
doubles in less than a quarter century. 

Additional studies prepared for the Commission are contained in Appendix Volumes I, III, IV, 
and V. Appendix Volume VI contains a group of statements by various interested organizations and 
individuals in response to a request from the Commission for their views on the impact of technological 
change. 

Though the Commission does not necessarily endorse the information and views of these docu- 
ments, it considers them of sufficient value to have directed their publication. 

This volume was edited and prepared for publication by Judith Huxley. 

Garth L. Manqum, 

Executive Secretary. 
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PREFACE 



This report presents the findings of a study on the declines of establishment employment (or 
aggregate man-hours) associated with productivity increases and with output decreases. T!ie declines 
in employment associated with productivity increases have been termed “disemployment.” The 
study was prepared for the National Commission on Technology, Automation, and Economic Progress 
by the Bureau of Labor Statistics of the U.S. Department of Labor. 

Previously the BLS has analyzed industry data to estimate the declines in employment associated 
with productivity increases (disemployment) and with output decreases at the industry level. This 
study tests the relationship between these estimates and declines in jobs at the establishment level- 
In addition, this study measures the statistical relationships between changes in productivity and 
employment and between productivity and output in terms of correlation ratios. 

The BLS wishes to acknowledge the generous cooperation of the Bureau of the Census in preparing 
special tabulations of its basic data. These tabulations were used for developing the measures con- 
tained in this report. 

The study was prepared in the Bureau’s Division of Productivity Measurement, Lloyd A. 
Prochnow, Chief, under the general direction of Leon Greenberg, Assistant Commissioner for Pro- 
ductivity and Technological Developments. This study was planned and conducted and the report 
prepared by Benjamin P. Klotz. 
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Disemployment of Labor at the Establishment Level 



Introduction 



Employment and Technological Change 

Over the long run, technological change and in- 
creased productivity have generally contributed to 
economic growth and expansion of employment 
opportunities. In the short run, however, numer- 
ous dislocations have occurred, requiring transfer 
and adjustment of workers to new occupations 
and new industries. These short-run changes, ac- 
companied in recent years by high rates of unem- 
ployment, have frequently led to the question, 
“How much unemployment is due to technologi- 
cal change?” A precise answer to this question 
may be impossible oecause unemployment may re- 
sult from various other factors such as declining 
demand and output, competition, and product sub- 
stitution. These and other factors may operate 
simultaneously and yet affect employment differ- 
ently in different industries of the economy. 

Process innovation (the ^hnological change 
which usually results from installation of labor- 
saving machmery and equipment or managerial 
improvements) is reflected m the increased pro- 
ductivity (output per man-hour) of plants and in- 
dustries. If the rise in output per man-hour is not 
accompanied by an equivalent increase in output, 
employment (measured in terms of total hours em- 
ployed) will decline. Product substitution may 
result from teclmological change in another plant. 
That is, increased output and employment m one 
plant or industry, may take place at the expense of 
decreased output and employment in another— al- 
though such substitution may not be accompanied 
by productivity gains in any speciflc plant. In 
both types of situations, workers who are dis- 
placed and new entrants to the labor force must 
seek job opportunities in other occupations or in 
other industries. 

Objective of Study 

This study assesses the relative impact of pro- 
ductivity increases and output declines on plant 
employment in 17 selected 4-digit industries over 
various time periods. The analysis is based on 
information contained in a special Bureau of the 
Census study (their Times Series Project), a pilot 
project in which a time series of production statis- 



tics were compiled for the establishments in 25 
selected industries. V arious groupings and break- 
downs of the Census data are made in this report, 
but in order to prevent the disclosure of individual 
establishment data, the number of industries for 
wHch data are presented h^ been reduced to 17. 
See appendix for a description of the scope of the 
study, including the specific 17 industries utilized 
for the analysis. 

Because data for individual establishments were 
not readily available, previous studies on the im- 
pact of technical change have examined output, 
productivity, and industry 

level oidy.^ The purpose of this study is to deter- 
mine the difference (or similarity) in results ob- 
tained by using data for establishments instead of 
industries for estimating the impact of technical 
change. 

Disemployment Measures 

The key concept in this study is disemployment, 
defined as the decline in production worker man- 
hours associated with productivity advance (or, 
the inverse, decline in unit man-hours) . The em- 
ployment decrease of a plant or industry is split 
into two portions, that due to a productivity ad- 
vance (disemployment) and that due to output 
decline.^ 

The disemployment estimates correspond to the 
decline in the number of jobs available in certain 
groups of industries or plants as a result of process 
innovation. These estimates are only partial indi- 
cators of total technological displacement as they 
do not reflect the impact of product substitution 
where plants or industries lose markets to tech- 
nologically progressive competitors, to new prod- 
ucts, and to new materials. This kind of tech- 
nological change results in decreased output in 
some plants or industries and is partly accounted 
for in figures on decreases in employment asso- 
ciated with decreases in output. 



lEwan Clague and Leon Greenberg, “Technological Change and 
Employment,” Monthly Labor Bevtev), July 1962, pp. 742-746. 
Leon Greenberg, Technical Ohange, Productivity and Employment 
in the United States, Organization for Economic Cooperation 
and Development, December 1964. , x, , 

» See appendix for a basic description of the analytical proce- 
dure for estimating disemployment. 
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The total impact of direct process innovation 
and product suhstitution resulting from process 
innovation is approximated in this study by the 
gross declines in man-hours exhibited by the plants 
of an industry : approximated because product sub- 
stitution can be caused by changes in consumer 
tast^ as well as by technological factors. 

Disemployment is not necessarily identical to 
unemployment resulting from process innovation. 
Decrease in plant or industry employment do not 
necessarily mean that workers are laid off and be- 
come unemployed. In some cases, employment 
reductions are achieved through normal at- 
trition — deathSj retirements, and quits. 

Because the mdustry level estimates reflect net 
disemployment amoi^ industries, the estimates 
may not accurately re^ct the total disemployment 
among plants. For example, in an industry where 
employment increased, an estimate of disemploy- 
ment based on the industry level would be zero. 
However, within the industiy there may be a num- 
ber of plants in which employment declined as a 
result of technological innovation. Consequently, 
the industry level estimate would understate the 
actual figure of disemployment. 

On the other hand, it is possible that the indus- 
try level estimates may overstate disemployment. 
This situation could occur when a decline in prod- 



uct demand forc^ a low productivity (inefficient) 

? lant to reduce its output or go out of business, 
f unit labor re(juirements and outout in all 
other plants remain the same, the industry level 
estimates would indicate a decline in employment, 
output, and unit labor requirements, renecting 
partly the shift to higher productivity establish- 
ments. In general, when the composition of in- 
dustry output shifts to the high productivity 
plants, the industry productivity figure rises even 
though there may have been no improvement in 
py plant. For such industries, the observed rise 
in mdustiy productivity implies that any employ- 
ment decline is attributed to technological innova- 
tions, even when none actually occurred. Since 
there are sound economic reasons for expecting 
high productivity plants to show a relative output 
gain, an industry level disemployment estimate 
may overstate the disemployment among plants. 

It is also possible that the method of analysis, 
using the net employment change of plants or 
industries over a time period, could mask disem- 
ployment that may have occurred during the in- 
tervemng years. That is, a worker replaced by a 
machine but subseqently rehired as much as 3 
years later may be excluded from a disemployment 
estimate which covers a 4-year period. 



Summary of Findings 



In this study the employment behavior of se- 
lected plants experiencing different rates of pro- 
ductivity advance was analyzed by correlation 
methods and from estimates of disemployment. 
Although there were several ancillary results, the 
main purpose of the investigation was to find if 
disemployment estimates based on establishment 
data would be different than similar estimates 
based upon industry aggregates. Previous studies 
(see footnote 1) of disemj^oyment were based on 
industry data for about 200 manufacturing indus- 
tries. However, it was suspected that a great deal 
of disemployment occurring at the plant level was 
not being reflected in the industi^ level estimates. 
This proposition has been tested using establish- 
ment mfonnation in 17 selected 4-digit manufac- 
turing industries — it was found to he generally 
untrue. 

An analysis of estimates of disemployment de- 
rived from establishment data with corresponding 
estimates derived from industry levels indicated. 
(See tables A and B.) 

1. For spedfiG industries there was considerable 
variation between the two estimates. 

2. But in general, estimates derived from in- 
dustry levels were neither consistently higher nor 
lower than estimates derived from establishment 
data. 

3. In no specific industry did the two estimates 

Table A. Comparison of Alternative Estimates 
OP Industry Disemployment, 1957-61 



[In thousands of production worker man-hours] 



Industry 


Based on plant 
data 


Based on 
industry 
data 


Difference: 
plant minus 
industry 




1,318 


1,577 


-269 


2 


3,126 


4,177 


-1,051 




1,780 


0 


1,780 




30,514 


32,131 


-1,617 




26,250 


26,632 


718 


6 


7,078 


10,340 


-3,262 




64,122 


65,763 


-1,631 


8 


2,455 


4,118 


-1,663 


9 


1,253 


1,297 


-44 




1,893 


1,921 


-28 




3,285 


0 


3,285 




6,973 


0,137 


-164 


13 


3,590 


2,677 


1,013 




890 


626 


265 


16 


1,938 


0 


1,938 


16 


3,114 


6,462 


-3,348 


17 


7,815 


10,940 


-3,125 


Total. 


166,394 


173,687 


-6,503 



Soubce: Estimates derived from records of the Bureau of the Census for 
establishments reporting in 1957 and 1961. 



Table B. Comparison of Alternative Estimates of 
Industry Disemployment, Selected Periods 



[In thousands of production worker man-hours] 



Industry 


Based on plant data 


Based on 

industry aggregate data 


1947-57 


1953-59 


1967-61 


1947-57 


1953-59 


1957-61 


A . 


810 

4,059 

36,790 

29,806 

4,730 

2,399 

8,617 

6,558 


464 

3,100 

33,412 

22,805 

4,563 

3,229 

2,783 

3,712 


972 

2,915 

30,165 

26,982 

5,868 

1,678 

2,864 

6,023 


0 

6,383 

18,088 

66,176 

0 

821 

6,389 

231 


0 

1,382 

31,264 

39,790 

0 

2,571 

0 

4,927 


1,044 

3,395 

32,442 

25,711 

8,417 

670 

5,537 

9,002 


B-- 


n 


D 


TC_. . 


F 


a 


H 


Total 


92,669 


74,068 


76,367 


87,087 


79,934 


86,218 



Source: Estimates derived from records of the Bureau of the Census for 
establishments reporting data for 1947 and 1961. 



bear a consistent relationship to one another over 
the various time periods studied. 

These findings indicate that the disemployment 
occurring at the establishment level in a s^eoifiG 
industry cannot be reliably estimated from mdus- 
try aggregates of output, emplovment, and pro- 
ductivity. However, based on the experience of 
17 industries, it would seem that the establishment 
level disemployment occurring in all manufactur- 
ing industries can be reasonably approximated by 
estimates based on industry level aggregates. That 
is, the previous estimates of disemployment for all 
manufacturing, though based on industry data, 
are probably fairly accurate reflections of total 
manufacturmg disemployment occurring at the 
establishment level. 

4. Percentage differences between the two esti- 
mates for large industries were similar to the dif- 
ferences for small industries. 

The industry correlations based on establish- 
ment df^ta were an alternative approach to analyz- 
ing the employment-productivity relationships. 
They are analyzed in detail in the last section of 
this report, but in summary they revealed : 

5. That the correlation between percentage 
changes in plant output and unit man-hour re- 
quirements varied considerably among industry, 
but was negative for 16 of the 17 industries, thus 
indicating that, for this limited section of 17 
4-digit industries, output increases were associated 
with decreases in unit man-hour requirements (i.e., 
increases in productivity) at the establishment 
level. 
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6. The correlation between percentage changes 
in plant production worker man-hours and unit 
man-hour requirements also varied considerably 
among the 17 industries, but the majority of cor- 
relations fell between zero and 0.5, i.e., establish- 
ment productivity advances were associated with 
production worker man-hour declines. 



7. The correlation between percentage changes 
in production worker man-hours and unit man- 
hour requirements showed no tendency to be lower 
over the 1947-61 period than during any of the 
su^eriods. Thus, plant output did not expand 
sufficiently in the longer period to negate the im- 
pact of increased productivity upon production 
worker man-hours. 



I 



Analysis of Disemployment Experience 



Ratios Used in the Analysis 

Several ratios were used for the analysis of pro- 
ductivity advance and disemployment. Some of 
these ratios explain the rate of incidence of disem- 
ployment rather than its absolute magnitude. The 
disemployment rate for a specified period is de- 
fined as the ratio obtained by dividing disemploy- 
ment (D) during the period hy production worker 
man-hours (H) at the beginning of the period. 
The importance of studying disemployment ra^, 
whether derived from plantlevel estimates (Dp/H) 
or industry aggregates (Di/Hl, is illustrated by 
the seemingly simple question, “Is disemployment 
a greater problem in industry x or in industry y ?’ 
Of course, if industry x’s disemployment is twice 
as large as y’Sj this is an important fact. The 
absolute magmtude of the human problm is 
emphasized. For example, manpower retraining 
programs might be geared to meet this problem; 
also, since the retraining needs and capabilities 
of industry x workers may differ generally from 
that of the y workers, the composition of such pro- 
grams will be affected. But, if industry x is twice 
as large as y the impact of disemployment does not 
weigh more heavily on the x workers, in fact the 
rate (or incidence) of disemployment is the same 
in both industries. In a relative sense then the 
problem is no greater in x than in y. 

When analyzing the canses of plant level disem- 
ployment, a strong relationship is found between 
the amount of initial employment and the subse- 
quent volume of disemployment, the correlation 
being 0.87 for the 1957-61 period. This means that 
the larger industries have greater disemployment 
volumes but indicates nothing about their rate of 
disemployment. 

This study concentrates on the potentially more 
fruitful course of analyzing disemployment rates 
by plants among the industries. Associations be- 
tween these rates and such variables as the indus- 
try’s rate of productivity or output advance could 
lead to meaningful results. The technically 
progressive industries need not experience ^sem- 
ployment if their increase in output is sufficient to 
offset their lower unit labor requirements. Corre- 
lations between industry productivity advance and 
their Dp/H were calculated in tliis study to analyze 
this possibility. 

As explained in the introduction it is possible 
for estimates of disemployment based on industry 



aggregates to be greater or less than aggr^ate 
disemployment estimates built up from plant data. 
The measure Dp/Di, the ratio of plant level to 
industry level disemployment, was computed to 
ascertain the degree of divergence between the two 
measures and to buttress previous more compre- 
hensive studies which focused upon industry level 
disemployment. 

The disemployment rates do not exhaust tne 
statistical information about labor displacement in 
an industry. The concept of the gross displace- 
ment rate (gross employment declines as a percent 
of initial employment=GD/H) includes the plant 
level disemployment rate (Dp/H) plus the rate 
of labor displacement caused by plant output de- 
clines. Gross displacement then refers to the 
employment declines of plants, whether caused by 
productivity advance or output decline, and is the 
raw figure from which the disemployment sum is 

distilled. , 

Rates of gross displacement can be compared 
with disemj^oyment rates to determine the per- 
cent of the gross declines which are allocated as 
disemployment, that is, the Dp/GD ratio. 

The correlation between percentage changes in 
employment and unit man-hours is an alternative 
measure of the impact of technological change 
upon employment. Positive correlations signify 
that plant employment declined as unit man-houre 
were reduced; the expanding output associated 
with falling UMH was not sufficient to prevent 
an employment decline. 



Disemployment: 1957-61 



Comparing plant level (Dp) with industry level 
disemployment (Di), 1957-61, the number of in- 
dustries where : 

Dp exceeded Di by more than 10 percent =6. 

The Dp, Di difference was less than 10 percent —6. 

Dp was less than 90 percent of Di=5. 

For all 17 industries combined, plant level disem- 
ployment was only four percent less than the 
industry level figure.^ The former measure is 
considered more appropriate when analyzmg 
the impact of technical change on employ- 
ment. Changing manpower requirements of the 
employer unit, the establishment, are more closely 



*The industrv level disemployment rates (col*..!,®? 
were derived tvom table 1-a^wnlch gives a detailed breakdown 
of each Industry’s change in production worker man-hours. 
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related to plant level behavior than to the move- 
ment of industry aggregates. However, this dif- 
ference is so small that either estimate may be 
used. Table 1 summarizes the statistics for 17 
industries for which information was available 
over the 1967-61 period. 

During 1967-61, the industries having the high- 
est disemployment rates generally experienced 
above average productivity gains for the period, 
and the industries with the lowest disemployment 
rates had relatively low (or no) productivity gains. 
The rank correlation between the rate of industry 
productivity advance and the plant level disem- 
ployment rate was 0.86. Evidently, technical 
change influenced the disemployment rate quite 
strongly in this array of industries. This does not 
nec^sarily mean that the typical 'plants produc- 
tivity advance and its disemployment rate were 
copelated, but that there was a statistical relation- 
ship at the industry level. Any output-expansion 
effect of improved productivity was apparently 
not strong enough to prevent disemployment. 

Total capital expenditures (CE) of plants hav- 
ing disemployment were compared with the CE 
of the remaining plants of each industry durii^ 
the 1967-61 period. It was anticipated that CE 
per man-hour would be greater among the plants 
experiencing disemployment. However, this was 
not the case for the industries covered in this 
study. It would appear that plant disemployment 
did not result from heavy capital spending (which 
would presumably reflect substitution of machines 
for labor). The plants which did such heavy 
spending were not those which typically experi- 
enced disemployment. 

There appeared to be no relation between the 
plant disemployment rate and the rate of gross 
employment decline (table 1, col. 6). This was 



somewhat surprising since the latter is comprised 
of the former plus the employment decline as- 
sociated with plant output declines. It was like 
fmding there was no correlation between a quan- 
tity “w” and a quantity “w+x”. The x variable, 
in this case the employment decline associated with 
plant output declines, could not be positively cor- 
related with w and w could not dominate x vis-a- 
vis size. ^ 

Coefficients of correlation between the percent- 
age changes in plant productivity and output, as 
well as productivity and employment, are an al- 
ternative method for analyzing the productivity- 
employment relation (table 1, cols. 6 and 7) . The 
productivity-output relations were high and posi- 
tive for three industries. Only one industry 
showed productivi^ and output moving in the op- 
posite dipction. Only two industries had nega- 
tive unit man-hour-employment correlations. 
That is, progressive plants expanded employment 
in these two industries. Both also had a high 
rate of gross employment decline (table 1, col. 4). 
There does not appear to be any theoretical reason 
for this particular association since a third indus- 
try, which had a high rate of gross employment 
decline, experienced no negative correlation. 

Size dislribtUion of absoltUe values of correlation coefficients 

Productivity- Productivity- 
output employment 

0.249 or less 4 5 

0.250-0.500 9 8 

0.501-0.750 4 4 

Although there was considerable variation 
among industries, the productivity-output associa- 
tion was generally stronger than that for pro- 
ductivity and employment. 



Disemployment Analysis for Reduced Sample of Industries 



Disemployment: 1947-57 

A consistent set of data for eight industries "were 
analyzed over the 1947-61 period to test the time 
stability of the relations analyzed in table 1. The 
plant data of the Census Bureau Times Series 
Study was more restricted in the years before 1954, 
and not only was the industry coverage reduced 
but the list of plants included in each industry was 
more selective. Consequently, the industry anal- 
yses in this and the following two sections are 
based on data for fewer estabushments than for 
their apparent counterparts in the previous sec- 
tion. The three periods 1947-57, 1953-59, and 
1967-61 were selected for comparison, the first be- 
ing a period of output growth and the last a pe- 
riod of little output chpp. 

Table 2 summarizes information derived for the 
1947-57 period for only eight industries. Because 
these industries are only a small part of all manu- 
facturing activity, the results should be inter- 
preted with care. 

Plant level disemploynaent estimates exceeded 
industry level estimates * in 6 of the 8 industries, 
but when the two estimates were aggregated and 
compared. Dp for the group of eight industries ex- 
ceeds Di by only 6.4 percent. In the aggregate 
the estimates were close even though they differed 
widely for the various industries. 

Dp/H expresses disemployment derived from 
plant level data as a percent of initial employment. 
The Dp/H statistic of column 2 is variable among 
industries, ranging from 0.18 to a low of 0.07. 
Significantlyj these were the high and low indus- 
tries, respectivelyj vis-a-vis productivity advance. 
The Di/H statistic exhibited even more variabil- 
ity. There appears to be some association during 
the 1947-57 period between the incidence of plant 
level disemployment, Dp/H, for each industry and 
the industry’s rate of decline in unit man-hours. 
For the eight industries, the co^cient of rank 
correlation was 0.63 between the Dp/H col umn and 
the percentage change in unit man-hour column. 

Column 4 measures the incidence of gross plant 
employment declineSj GD/H. The incidence of 
these gross declines display considerable variation 
between the eight industries, ranging from 0.33 to 
only 0.11. Paradoxically, these gross declines are 



♦The industry level disemployment rates for 1947-57 (col. 1 
of table 2) were derived from table 2-a which analyzes in detail 
the production worker man-hour change of each of the eight 
industries. 



not associated with plant level disemployment 
though they are related to industry level disem- 
pl^ment.® 

Column 5 expresses plant level disemployment 
as a percent of the gross plant employment de- 
cline. In one industry Dp/GD was unity; there 
was no plant employment decline associated with 
an output decline in this industry. All the em- 
ployment declines were assigned to process inno- 
vation ( disemployment) . The two lowest Dp/ GD 
industries^ (those where output declines had the 
OTeatest impact on employment) experienced 
below average output increases and over half their 
plants suffered output declines. As would be ex- 

S ected, the industries with higher incidences of 
isemployment experienced hi^er Dp/GD ratios, 
but the correlation was not very strong 
(E,=0.54). 

Correlation coefficients are presented in columns 
6 and 7. They are based on unweighted plant 
data in each industry. There appears to be more 
variability in the column 7 coefficient, relating the 
percent change in employment to the percent 
change in productivity, than in those of column 6, 
which relate the percent change in output to the 
percent change in productivity. It seems that the 
employment-productivity correlations for the 
eight mdustries, in addition to exhibiting varia- 
bility, are not closely related to any of the other 
variables appearing in the table. Significantly, 
they are not related to the incidence of disemploy- 
ment, Dp/H, the coefficient of rank correlation be- 
ing only 0.29. 

For this time period, the productivity-employ- 
ment correlation derived for an industiy is then 
not a reliable ^ide to the incidence of disemploy- 
ment in that industry. However, if weighted® 
correlation coefficients had been computed, the cor- 
respondence with the incidence of msemployment 
might have been better. 



®A Spearman coeflacient of rank correlation was computed by 
ranking the eight industries by their GD/H, Di/H, and Dp/H. 
rhe ranks of GwH and Di/H were correlated (Ri = 0.88) as were 
nm/TT nnrt Dn/H rR.=0.291. Ri=l— 6 S d* Where N=:number 



N (N^-l) 

of observations and d=:rank differences. ^ ^ 

♦ The percentage change observations could have been weighted 
by plant employment. See appendix. An equal weighting of 
plants, the method used in this study, can create problems of 
Interpretation. Assume two industries exhibit the same correla- 
tion between percentage change in unit labor requirements and 
percentage change in employment but that the average plant size 
in one industry is twice that of the other. Then the disemploy- 
ment estimate in the one industry could easily be twice that of 
the other. The correlation coeflacient of this study relates the 
average association between percentage changes in plant employ- 
ment and in productivity, not absolute amounts. 
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Disemployment: 1953-59 

Table 3 summarizes the same information as 
table 2, but for the 1953-59 period. During this 
period also, plant level disemployment exceeded 
the industry level measure ^ in six of the eight in- 
dustries, but the oj^osite held very strongly in 
another industry. Jn fact, the sum of Dp for the 
eight industries was only 93 percent of the sum of 
Di, due to the impact of that one industry. 

A ranking of me industries by their plant level 
disemployment rate (Dp) and by their rate of pro- 
ductivity advance revealed a rank correlation co- 
efficient of 0.65, very close to the 0.63 for the W47- 
57 period. This indicated that the technically 
progressive industries, as during 1947-57, tended 
to have higher disemployment rates. However, 
the sample size was extremely small since only 
eight industries were covered. 

The rates of gross employment decline, column 
4, ranged from 38 percent to 10 percent. Gen- 
erally, the industries which experienced high rates 
of gross decline did not experience high rates of 
lant level disemployment (^the^ rank correlation 
eing —0.39). Evidently, declining output had 
a more powerful influence on the otoss plant em- 
ployment declines^ than did disemployment. 
However, the puzzling relation between industry 
level disemployment and gross plant employment 
declines is evident in this time period also. The 
rank correlation of 0.55, is not strong, though sig- 
niflcantly different from zero, and the relation may 
be coincidental rather than causal. 

An examination of the correlation coefficient 
again shows greater variability in the employ- 
ment-productivity relationship than in the output- 
productivity relation'*. Three of the _ former 
relationships are actually negative, meaning that 
employment increased on the average as unit man- 
hours dropped. This would require a large ex- 
pansion of output, and this did occur in the three 
industries. Their output, unit man-hour relations 
were —0.477, —0.560, and —0.556. So, on the 
average, output expanded as unit man-hours 
dropped. 

The employment-productivity relation of col- 
umn 7 again does not appear to be related to any 
column on the table 4, although the Dp/H column 
has a 0.46 rank correlation with column 7._ This 
is stronger than the 0.29 of the 1947-57 period but 
still not very significant. These two memative 
measures of the technical change-employment re- 
lationship were not too consistent with one an- 
other. 

Disemployment: 1957-61 

Table 4 traces the group of eight industries 
through 1957 to 1961. As for previous periods, 
the eight exhibited differences between their in- 

» Industry level disemployment rates for 1953-59 (col. 1 of 
table 3) were derived from table 3-a. 



dustry level ® and their plant level disemployment 
estimates. But, in ohis period the former ex- 
ceeded the latter in six cases, reversing the be- 
havior of the 1947-57 period. Column 3 of table 
4 shows that the aggregate plant level estimate 
was 89 percent of the aggregate industry level esti- 
mate ; as in the other periods, they were quite close. 

Whereas the group’s output rose M percent 
from 1947 to 1957, it rose only 7 percent through 
1961. The average annual rates of the group are 
compared : ® 

Group of eight industries— Annual rates 

mr-57 mr-6t 



Employment —1. 4 —5. 0 

Output 4. 4 1. 75 

Unit man-hours —4.0 —6.25 

Plant level disemployment 1. 5 3. 5 



Output decelerated and productivity acceler- 
ated in the later period causing employment to 
drop more rapidly than before. The rate of dis- 
emj^oyment based on plant level estimates more 
than doubled. 

There was little change in the rankings over the 
two periods when industries were ranked by their 
plant level disemployment rate (compare the col. 
2 behavior in tables 2 and 4).“ However, rather 
large changes occurred in the rankings vis-a-vis 
the incidence of gross employment dedines. For 
example, the highest incidence indust^ over 1947- 
57 experienced the lowest incidence during 1957- 
61. There was also a weak correlation, 0.43, when 
the relative ranlis of the industries were compared 
for the Dp/GD variable over the two periods. 
That is, disemployment did not account for a con- 
stant fraction of the gross employment declines 
either as between industries or for the same indus- 
try over time. Thus, in summary, the effect of 
output declines on employment was extremely var- 
iable vis-a-vis the disemployment effect on employ- 
ment. 

The values of correlation coefficients relating the 
percentage change in plant employment and unit 
labor requirements for the eight mdustries were 
generally higher for the 1957-61 period than for 
the 1947-57 period. The coefficients were higher 
in five indusHies, and especially in one industry 
where the relation changed from —0.039 to 0.440, 
as time progressed. Also, this is the only period 
where a ranking of the eight productivity-employ- 
ment correlation coefficients corresponded with a 
ranking of the industries by their rate of disem- 
ployment. The Spearman coefficient was 0.79, 
meaning that these two alternative measures of 
the impact of technology upon employment were 
consistent for the 1957-61 experience. 

•Industry level disemployment rates for 1957-61 (col. 1 of 
table 4) were derived from table 4-a. 

•Although these are not compound rates of change, they do 
Indicate the basic differences between the two periods. 

An acceleration of unit man-hours downward is equivalent to 
an acceleration of productivity upward. 

^ The Spearman coefficient was 0.80. 



Correlation Analysis 



Introduction 



The relation between technological advance, 
output, and productivity can be examined by (xm- 
relation teclmiques also, but the results must be 
interpreted with care. During 1957-61, for e^ 
ample, when unit man-hours were correlated with 
output for 23 industries, the result was negative 
for 22 of the industries; only one was positive. 
This does not mean the UMH decline caused the 
output advance or vice versa, the chains of cai^- 
tion run both ways. The findings do in(ficate that 
dsclining XJHM rcquirGHiGiits W6ro associa/tcd with, 
expanding output among the plants of 22 of the 
industries. These two movement had CFsetta^ 
effects on production worker man-hours (PW 
MH). 

The 23 industries for which separate correla- 
tions are given are : 



SIO nuinbef Itidustrjf title 

3612 Transformers 

3519 Internal combustion engines 

3392 Nonferrous forgings 

3391 Iron and steel forgings 

3362 Brass, bronze, copper castings 

3352 Aluminum rolling and drawing 

335ll Copper rolling and drawing 

3334 Primary aluminum 

3333 Primary zinc 

333ll Primary copper 

3323I Steel foundries 

3322 Malleable iron foundries 

3315 Steel wire drawing 

3313 Electrometallurgical products 

33 19. Blast furnaces and steel mills 

3241_I Hydraulic cement 

3011 Tires 

2911 Petroleum refining 

28231 Cellulosic man-made fibers 

2822IIII Synthetic rubber 

2272 Tufted carpets and rugs 

2271 Woven carpets and rugs 

2092l_I Soybean oil mills 



Conclusions may be drawn as to whether plant 
output expanded enough to offset the effect of 
dechning plant XJMH requirements on plant 
PWMH. Correlating the percentage change in 
plant UMH with the percentage change in plant 
PWMH for each industry, only two industries ex- 
hibited negative correlation values. Tliat is, on 
the average, only in two industries was the increase 
in plant output which occurred simultaneously 



« See appendix, table 6. These are the industries of tbe Census 
Bureau Time Series Project with two of the 2o-lndustry correla- 
tions withheld because of insufficient observations. 



with the decline in plant UMH, strong enough to 
result in an increase in PWMH* In these two 
industries, the a rerage plant behavior meant that 
PWMH increased as UMH requirements tell. 
One would expect very little job displacement 
from process innovation (the disemployment con- 
cept) or product innovation in these eiipanding 
industries. That is, the greater the output expan- 
sion among the plants oi an industry, the less the 
chance of an employment decline and the less the 
change of disemployment. The disemployment 
estimates and techniques have explored these rela- 
tiondiips in greater detail in the previous parts 
of this report. 



Analysis of Correlation Coefficients 

Employment a/nd Productiyity. Previous statis- 
tical studies of the correlation between unit labor 
requirements (ULR) changes and empl<wment 
changes have used industry information. Over a 
specified time period each industry in a group oi 
industries was treated as an observation and a cor- 
relation coefficient was derived for the industry 
group. For example, the correlation between 
ULR changes and production worker man-hour 
changes for 200 manufacturing industries over the 
1957-61 period was 0.20* There was a slight tend- 
ency for man-hours to decline as unit Tabor re- 
quirements declined. .111 

The general conclusions based on industry level 

analysis seem to be : , 

1. Correlations between declines m unit labor re- 
quirements and man-hour declines are low, typi- 
cally between zero and 0.25. 

2. Wlien longer time periods are examined, these 
correlations approach zero, and in some cases de- 
clining unit labor requirements are associated with 
man-hour increases. 

Though it is based on a nonrandom sample ot 
industries, this study attempts to determine 
whether the industry level pattern repeats itself 
at the establisliment level. In certain industries, 
using establishment data, the correlation between 
changes in unit labor requirements (the reciprocal 
of productivity) and changes in production 
worker man-hours is quite high.^^ There are cor- 
relations for 23 industries over the 1957-61 period 
and five of these exceed 0.50. Fourteen of the cor- 



is Spp Oeorce Terborgh, The Autonotion HyeteTid) Machinery 
ind AlllS Products Institute, New York, 1965, appendix A. 

See appenhx, tables 6 through 10. 
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relations exceeded 0.25. These results indicate 
that there can be a significant productivity-em- 
ployment relationship at the plant level in some 
industries over a short time period. 

The group of 25 industries is not a random sam- 
ple of all manufacturing since 14 of them are in 
SIC group 33, the Primary Metals Industries. 
However, when a correlation was obtained based 
on all the plants in the 25 industries over 1957-61 
(some 1,600 establishments) the statistic was 0.21. 
This compares with a 0.20 figure based on the be- 
havior of 200 4-digit manufacturing industries 
over the same period.^® These results are surpris- 
ingly similar even though based on different levels 
of aggregation and different industry groupings. 

A longer time period was studied to see if the 
unit man-hour versus production worker man- 
hours correlation declined as the period length- 
ened. Plants for which data were available back 
to 1947 were examined. The Census Bureau Time 



Series Project was less extensive for this earlier 
year and only 15 industries could be examined. 
Correlations were withheld on four of these in- 
dustries because of insufficient observations, leav- 
ing 11 industries for analysis. 

Of the correlations for the 1947-61 period only 
one exceeded 0.5, but six exceeded 0.25. As for the. 




0.5 and only three exceeded 0.25; and during 
1957-61, one exceeded 0.5 but seven exceeded 0.25. 
Thus, when all 11 industries are considered it can 
not be said that the correlations were smaller for 
the longer period 1947-61 than for the Sorter 
subperiods. 

Perhaps a given industry might experience a 
lower correlation in the long run than in the short 
run. However, only 2 industries of the 11 studied 
exhibit correlations which are lowest for the long- 
est period. That is, their 1947-61 correlation was 
lower t^n their 1947-57 or 1953-59 or 1957-61 
co^elations. But the figures for one industry are 
^uite unreliable since the number of observations 
is less than 30 and the correlation coefficients have 
high standard errors. The other industry also has 



Leon Greenberg, Technological Change. Productivity and Em~ 
ployment in the united States, Organizalion for Economic Co- 
Operation and Development, December 1964, 



rather high standard errors in relation to the cor- 
relation coefficients, so even here it would be dan- 
gerous to conclude that the correlation coefficient 
declined as the time period lengthened. 

On the other hand, the longer run (1947-61) 
correlation of unit man-hours versus production 
worker man-hours was greater than any of the 
three subperiod correlations for 5 of the 11 indus- 
tries. The results for these five industries are of 
varying degrees of reliability with perhaps only 
one showing a significantly greater long run 
correlation. 

The general conclusion must be that for the 11 
industries studied there was no tendency for the 
plant level productivity-employment correlation 
to be weaker for longer time periods. It would 
seem that in these industries the progressive plants 
were not able in the long run to expand their out- 
put enough to prevent their production worker 
man-hours from declining. But it is not appro- 
priate to generalize this result to all industries 
because the 11 industries studied are highly selec- 
tive and do not cover^ veiy long time periods. 
Further, the choice of initial ancT terminal years 
has been necessitated by data availability rather 
than theoretical considerations such as the desire 
to cover a complete business (Jycle. What has been 
brought to light is the differing impact of teclmi- 
cal change upon employment among various in- 
dustries. In any event, plant level analysis seems 
more relevant for this purpose because technical 
progress may displace workers from a plant 
directly, but only indirectly from an industry. 

Output and Productivity. ^ The output-unit man- 
hour r^uirements correlations are ancillary to the 
foregoing analysis but interesting in their own 
right. As in the productivity-employment corre- 
lations there is a tendency for the longer run 
(1947-61) output-UMH association to be closer to 
zero. For none of the 11 industries compared in 
tables 7-10 is the 1947-61 correlation stronger 
than each of _ its subperiod correlations. In fact, 
5 of the 11 industries have 1947-61 correlations 
which are weaker than any of their subperiod cor- 
relations. These results are consistent with the 
previous finding of a stronger productivity- 
employment relation in the long run. 



APPENDIX 



Technical Note 



Scope of Study 

This study is based on special tabulations of 
establishment data from the Bureau of the Census. 
The data are those included in a Time Series Proj- 
ect of the Bureau of the Census which w’as under- 
taken to study the factors involved in the growth 
and structural change of the industrial economy 
in the United States. The study makes use of the 
Census of Manufactures records, the Annual Sur- 
vey of Manufactures^ and special supplemental 
Census surveys. 

The time series studj will eventually include all 
manufacturing and mineral industries. Initially, 
however, 25 manufacturing industries have be^ 
selected representing the major portion of 2- digit 
industry group 83 and a few industries represent- 
ative of various other manufacturing industry 
OToups. The establishments are classified on the 
basis of the industry code in the 1958 Census of 
Manufactures (1957 Standard Iridustricd Glas- 
sification ) . 

The establishments included are those in An- 
nual Survey of Manufactures sample. Therefore, 
the study includes nearly all large establishments 
(those with more than 100 employees in 1958) and 
a probability sample of smaller establishments. 
A few small establishments with incomplete rec- 
ords have been omitted from the tabulations. 

Even though great (^re was taken in compiling 
the plant data, reporting errors inevitably arose. 
Some of these were of a gross nature and resulted 
in exclusion of the relevant establishment from tho 
tabulations. Fortunately, as seen in the accom- 
panying table 5, industry coverage was not re- 
duced significantly except in a few industries. 

The plant records for 25 industries cover the 
1954-61 period. However,^ when tliese records 
were extended back to 1947 in 15 of the industries, 
they proved less comprehensive. Most of this re- 
duction was due to a change in the sample for the 
Amnudl Survey of Manufactures in 1953. Some 
plant records could not be traced back to 1947. 
Plants were dropped, and, thus, industry coverage 
was further reduced. See table 5 for coverage 
ratios. 



Comparability of Industry Aggregate Data 
.With Other BLS Studies 

The “industry measures” of productivity, out- 
put, and employment employed in this study, as 
seen from table 5, are based on a subset oi the 
plants in each industry. Although the plants in 
the Census Time Series Project were selected by a 
stratified random sample, the plant list of this 
study is not random. By necessity plants with 
unreliable data were eliminated. Therefore, a 
comparison of these figures with other published 
output, productivity, and empl(wment series may 
show differences because the mdustry coverage is 
different. 

Furthermore, this study’s output measure is ad- 
justed gross production divided by a price index, 
whereas the typical BLS study attempts to meas- 
ure output as physical units weighted by unit labor 
requirements. There is a conceptual difference 
between the output measures of the two methods. 

Periods Selected 

Three overlapping but dissimilar time periods 
were chosen for the disemployment study. To 
have the analysis cover a recent period, 1957-61 
was chosen. Manufacturing employment rose 
during 1947-57, but declined over 1953-59. The 
periods differed in that manufacturing output rose 
more sharply in the early years than in the later 
years. The periods were chosen for consistency 
with previous studies on industry data. See, 
Ewan Clague and Leon Greenberg, “Technologi- 
cal Change and Employment,” Monthly Labor Re- 
view^ Jidy 1962, pp. 742-746; Leon Greenberg, 
Technological Change^Productivity^ and Employ- 
ment in the United States^ Organization for Eco- 
nomic Co-Operation and Development, December 
1964. 

Data Definitions 

a. Output=real adjusted gross production= 
value of shipments plus net change in inventory 
and work-in-process, adjusted for price change. 
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(^Unpublished BLS price indexes were used for 
this purpose.) 

b. Employment = production worker man-hours, 
abbreviated as PWMH. 

^ c. Productivity = output divided by employment 
(i.e., production worker man-hours) . 

d. Unit Man-Hours = employment divided by 
output, abbreviated as UMH. 

e. Plant= establishment (as opposed to “firm’’). 

Data Limitations 

Some causes for divergence between computed 
output and productivity and actual output and 
productivity may be cited. The output of each 
plant was adjusted by an industry price index. 
If the product mix produced by each plant was the 
same as the industry mix, the price index would 
then apply^ with equal validity to every plant. 
Product mixes differ, however, and the common 
price deflation introduces an element of error into 
the plant output measures. Tlie extent of this 
error is unknown. 

The price indexes are computed from available 
wholesale price indexes of commodities, and it was 
not possible to price every product of every indus- 
try. Although the proportion of products in- 
cluded in the price index varies among the indus- 
tries, the coverage was generally above 70 percent 
of the value of production. 

There is the possibility that the correlation co- 
efficients are biased upward. They are based on 
reported PWlVIH and output, not actual PWMH 
and output. The output-unit man-hours correla- 
tion in effect puts the reported output measure on 
both sides of an equation, and this reported output 
can be thought of as the true output plus a report- 
ing error. The actual correlation is Q+E vs. (H 
+V)/(Q+E) where Q is true output, H are 
true man-hours, E is the reportii^ error of Q, and 

V is the reporting error of H. Since E influences 
both terms, it causes some degree of spurious cor- 
relation between them, i.e., as E increases, Q+E 
incref^es, but (H+V)/(Q+E) decreases.^ Any 
negative correlation between the true Q and the 
true H/Q would be made even closer to minus 
one by the error term on both sides. When H+ 

V is correlated with (H+V)/(Q+E), the true 
correlation, by a similar argument, is forced closer 
to plus one iDecause of the action of V. 

The correlation coefficients and their standard 
errors are subject to further limitations. Because 
it was necessary to exclude data for some estab- 
lishments, we do not have a probability sample 
of the plants of each industry. This distribution 
of the observations on the variables is not normal. 



^Ucless V Increases proportionately to B. In which case H + 
V/(Q+B)=H/Q and no Dias is Introduced. Probably V and 
B move together and this tends to minimize any bias in the cor- 
relation coeiScients. But the association between V and B is 
unknown and some bias probably exists In the correlation results 
of this study. 



and in many instances the number of plant 
records available for analysis is small. ^ For these 
reasons the usual interpretation of the significance 
of the R values would be invalid. It is necessary 
to interpret the measures with care. 

Detailed Analytical Procedure 



Disemployment Study. For purposes of this an- 
alysis, the plants were divided into two broad 
groups — those with PWMH decreases and those 
with increases. For the latter group there is, of 
course, no net loss in employment associated with 
productivity gains (although there may have 
been such an association among occupational 
groups or individual departments within the 
plants) . 

The plants with production worker man-hour 
decreases were divided into three subgroups : 

Subgroup 1. Output increased but unit man- 
hours decreased. The entire decrease in man- 
hours is associated with the decrease in UMH, 
and is considered disemployment. 

Subgroup 2. Output decreased but unit man- 
hours increased. Output was responsible for the 
man-hour decline. 

Subgroup 3. Both output and unit man-hours 
decreased. Part of the employment decline is dis- 
employment — that part due tc the decline in 
UMH. The remainder of the man-hours decrease 
is associated with the decline in output. The 
diagram illustrates the amount of disemployment 
when both output and unit man-hours fall. Qi 
is initial output and (H/Q)i is initial unit man- 
hours. 



Qi 



Q2 





,/< 


H2 





^^^Disemployment 



(H/Q)2 (H/Q), 



Disemployment, as defined, can occur only in 
subgroups one and three. The entire PWMH de- 
cline in subgroup one, but only a part of the sub- 
group three declme, is disemployment. Subgroup 
one plants experienced a man-hour decline even 
though output increased. The decrease must have 
been due to technical change (process innovation) . 
In the subgroup three, plant man-hours decreased 
because their output as well as their unit man- 
hours were declining. The decrease was corre- 
spondingly split into an output effect and a 
productivity effect, the latter being the disem- 
ployment figure for the plants. 
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For analysis purposes, the plants "with PWMH 
increases were ^so divided into three subgroups; 

1. Output, and UhlH increased. 

2. OutpuD increased but UMH decreased. 

3. Output decreased but UMH increased. 

Since these three groups experienced no man- 
hour declines, disemployment for them must be 



zero. 



G oTTelatiou Anolysis. Using plant data for each 
of the 25 industries, Pearsonian correlation coef- 
ficients were derived for various time periods be- 



tween the percentage changes in (1) productivity 
and output, and (2) productivity and employ- 
ment. specifically, for 1957-61, 1953-59, 1947- 
57, and 1947-61, unweighted (that is, plants were 
weighted equally even though they differed widely 
in size) plant data were used as observations. 

Other correlations mentioned in the text, such 
as that between the industry disemployment rate 
and the industry rate of productivity advan^, 
are Spearman rank correlations. They are dis- 
tinguished by being based upon industry, rather 
than plant observations. 



Table 1. Analysis of Output, Employment and Productivity Relationships, 1957-61 ^ 



Industry 



1 — . 

2 .... 

3. --. 

4. --. 
6 -„. 
6 -.-, 
7 .- 
8 — , 

9— 

10 - 
11 - 
12 _ 

13- 

14- 
16- 
16- 
17- 



TotaL- 



Percent change 



Employ- 

ment 



-18 

-26 

7 

-17 

-17 

-15 

-23 

-35 

-5 

-16 

-33 

-10 

-4 

-7 

-27 

-18 

-27 



-21 



Output 



10 

-14 

66 

9 
14 

3 

-17 

-23 

3 

-11 

-35 

8 

11 

10 
-31 

-9 

-8 



-4 



Unit man- 
hours 



-26 

-13 

-30 

-24 

-27 

-18 

-7 

-16 

-8 

-6 

+2 

-16 

-13 

-7 

+6 

-10 

-21 



-17 



Di/H 


Dp/H 


Dp/Di 


GD/H 


Dp/GD 


Rc. H/Q 


Ivb» H/Q 


1 


2 


3 


4 


5 


6 


7 


0. 18 


0.15 


0.84 


0.21 


0.71 


-0.626 


0.356 


.12 


.09 


.76 


.26 


.34 


-.499 


-.256 


,00 


.10 


.16 


.65 


-.420 


.306 


.17 


.16 


.95 


.19 


.83 


-.532 


.399 


.17 


.18 


1.03 


.20 


.89 


-.164 


.507 


.15 

.07 


.11 

.07 


.68 

.98 


.21 

.26 


.53 

.28 


-.625 

-.384 


.297 

.209 


.16 


.10 


.60 


.37 


.27 


-.647 


—.221 


,05 


.05 


.97 


.12 


.41 


-.285 


.360 


,05 


.05 


.99 


.19 


.27 


+.012 


.510 


,00 


.04 


.40 


.10 


-.320 


.098 


.10 


.10 


.97 


.17 


.69 


-.396 


.309 


.04 


.06 


1.39 


.16 


.40 


-.161 


.531 


.07 


.10 


1.42 


.22 


.45 


-.017 


.621 


,00 


.03 


14.36 


.25 


.12 


-.366 


.172 


09 


.04 


.53 


.24 


.17 


-.288 


.219 


.20 


.14 


1.60 


.32 


.44 


-.314 


.446 


0.09 


0.09 


0.96 


0 


0 


-0.463 


0.208 



Column 1: Industry level disemployment/initial production worker man- 
hours (i.e., PWMH 1957). 

2: Plant level disemployment/initial production worker man-hours. 
3; Ratio of No. 2 to No. 1. ^ 

4; Gross plant PWMH declincs/Initial PWMH. 

5: Plant level disemployment/ Gross plant PWMH declines. 



unit man-hours. , , , . T.„,»rrr 

7: Correlation between the percentage changes in plant PWMH 
and unit man-hours. 

1 Based on establishments for which data were available during 1954-61. 
> Not available. 



Table 1-a. Relationship Between Changes in Employment and Changes in Unit Man-Hours, Selected Indus- 
tries, 1957-61 * 













Change iu total production worker man-hours 






Number of 
establish- 
ments 


Total production worker 
man-hours 




Associated with decrease in— 




Industry 










Unit man-hours 


Output 








1957 


1961 


Actual 


Percent 


Actual 


Percent 


Actual 


Perceut 


1 ^ 


49 


8,576 


6,999 


-1,577 

-8,804 

1,302 

-32,131 

-25,532 

-10,340 


-18.4 

OR R 


-1,677 

-4,177 

n 


-18.4 

-12.1 

0 


0 

-4,627 

0 


0 

-13.4 


2 


27 


34,545 


25, 741 
19,796 


— 0 
pj A 


0 


3 


52 


18,494 


7. ^ 


u 


-16.6 

-17.1 

-15.3 

-6.7 

-16.4 

-5.1 

-5.5 

0 


0 


0 


4 


207 


194,536 


162,405 


—10. 0 


^-O^, lOl 
^OR ROO 


0 


0 


5 . 


62 


148,889 


123,357 


—17. 1 

—1 R Q 


(lO^ 

—in *\AC\ 


0 


0 


0 


162 


67,364 


57, 024 
757,920 


— lo. O 

-22.9 

_QR A 


— XU, 

-65,753 

-4,118 

—1 007 


-159,412 

-4,747 

0 


-16.2 


7 


230 


983,085 


—225, 165 
-8,865 
-1,297 
-5,684 
-31,116 
-6,137 
-2,577 
-626 
-15,731 
-12,518 
-15,025 


-18.9 


8 


29 


25,060 


16, 195 


— OO. ^ 
R 1 


0 


ft 


69 


25,457 


24,160 


— 0. 1 
1 c o 


— 1, Zv/ 
—1 091 


-3,763 
—31, 116 


-10.7 


10 


55 


35,162 


29,478 


—lb. A 


— 1, aZl 

n 


-33.2 


11 


136 


93,655 


62, 536 


— OO. A 


u 

— R 1^7 


-lai 

-3.7 

-7.1 

0 


0 


0 


12 . 


66 


60,964 


54,827 


— lU. 1 

Q 7 


— 0, 10# 
—9 R77 


0 


0 


13 ^ 


71 


70,386 


67,809 


— O. / 

-7.1 

on A 


— Z, Ot 4 
— R9(^ 


0 


0 


14 


42 


8, 793 


8, 168 


uzo 

n 


-16,731 

-6,056 

-4,085 


-26.6 


15 


91 


59,205 


43,474 


— ZO. 0 
IQ 1 


u 

— R AR9 


-9.3 

-20.0 


-8.7 


16 


43 


69,231 


56, 713 


— lo. 1 
o*y R 


—0, 

—1ft 04ft 


-7.6 


17 


46 


64,730 


39,705 


-“27. 0 


— lU, 


Total 


1,427 


1,958,132 


1,556,310 


-401,822 


-20.5 


-173,687 


-8.9 


-229,537 


-11.7 



1 Based on establishments for which data were avaOable during 1954-01. Source: Census Bureau Time Scries Project. 
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Table 2. Analysis of Output, Employment and Productivitt Relationships, 1947-57 1 



Industry 



A 

B 

C 

D 

E 

P 

G 

H 

Total, 





Percent change 


Di/H 


Dp/H 


Dp/Di 


GD/H 


Dp/GD 


Rq, H/Q 


Rb, B[/Q 


Employ. 

ment 


Output 


Unit man- 
hours 


1 


2 


3 


4 


5 


6 


7 


+32 

-15 

-9 

-29 

+4 

-3 

-9 

-1 


+179 

+21 

+63 

-2 

+48 

+11 

+22 

+38 


-53 

-24 

-44 

-27 

-30 

-12 

-26 

-28 


0.00 

.15 

.09 

.27 

.00 

.03 

.09 

.01 


0.18 

.11 

.18 

.14 

.09 

.07 

.12 

.15 


0.75 

1.98 

.53 

2.92 

1.33 

28.40 


0.18 

.28 

.21 

.33 

.11 

.15 

.28 

.19 


1.00 

.40 

.85 

.43 

.82 

.48 

.43 

.77 


-0.403 
-.288 
-.303 
-.287 
-. 503 
-.377 
-.389 
-.271 


0.340 

.042 

.411 

.237 

.388 

.072 

.072 

-.039 


-14 


+44 


-40 


0.14 


0.145 


1.06 


w 


(*) 




(>) 



Column 1: Industry level disemployment/employment 1947 = Di/H 



2: Plant level dsemploymont/employmont 1947 = Dp/H. 

3: Plsmt level disemployment/industry level disemployment = 
Dp/D|. 

4: Gross declines in plant employment/employmont 1947 = GD/H. 

disemployment/gross declines in plant employment 

*= Dp/GD« 



changes In plant output and 



6: Correlation between 

unit man-hours = R^, H/Q. ’ ^ “““ 

a?duSfitts®= ^ plant employment 

» Nol°avaUable!^^^^™*^°*® available during 1947-61. 



Table 2-a. Relationship Between Changes in Emplotment and Changes in Unit Man-Hodiis, Selected Indos- 

TitlBSa Xuv t^O 4 * 



Industry 


Number of 
establish- 
ments 


Total production worker 
man-hours 


1947 


1957 


A 


21 


4,487 


5,939 




19 


35,329 


29,946 




143 


194,490 


176,402 


D— 


43 


205,562 


145,589 




117 


52,080 


54,242 


P 


46 


32,064 


31,243 




33 


70,208 


63,819 




23 


44,827 


44,596 


Total 


445 


639,047 


551,776 



Change in total production worker man-hours 



Total 



Associated with decrease in— 





Unit man-hours 


Actual 


Percent 


Actual 


Percent 


1,452 
-5,383 
-18,088 
-59,973 
-2, 162 
-821 
-6,389 
-231 


32.4 

-15.2 

-9.3 

-29,2 

-4.2 

-2.6 

-9.1 

-0,5 


0 

-5,383 
-18,088 
-56, 175 
0 

-821 

-6,389 

-231 


0 

-15.2 

-9.3 

-27.3 

0 

-2.6 

-9.1 

-0,5 


-87,271 


-13,7 


-87,087 


-13.6 



Output 



Actual 



0 

0 

0 

-3,798 

0 

0 

0 

0 



-3,798 



Percent 



0 

0 

0 

- 1.8 

0 

0 

0 

0 



- 0.1 



Source; Census Bureau Time Series Project. 



Table 3. Analysis of Output, Employment and Productivity Relationships, 1953-59 ^ 



Industry 



A 

B 

C 

D 

E 

P 

G 

H 

Total 



Percent change 



Employ- 

ment 



12 

-5 

-17 

-22 

1 

-34 

-18 

-32 



-18 



Output 



73 

18 

24 

1 

26 

-29 

-18 

-24 



14 



Unit man- 
hours 



-35 

-19 

-33 

-24 

-20 

-8 

+1 

-11 



-29 



Di/H 



0.00 

.05 

.17 

.22 

.00 

.06 

.00 

.10 



.13 



Dp/H 



0.09 

.11 

.18 

.13 

.09 

.08 

.03 

.08 



.12 



Dp/Di 



2,24 

1.07 

.57 



1.26 

”.'75 



.93 



Column 1; Industry level disemployment/employment 1953=D{/H 
2: Plant level ^semployment/employment 1953= Dp/H. 

3* Plgit^level disomployment/industry level disemployment 

4: Gross declines in plant employment/employment 1953= GD/H. 
5: Pl^t level disemployment/gross declines in plant employment 
=Dp/QD. 



GD/H 



a 10 
.20 
.22 
.27 
.13 
.35 
.27 
.38 






Dp/GD 



.56 

.83 

.48 

.70 

.23 

.11 

.21 



P) 



Rq, H/Q 



-a 302 
-.477 
-.422 
-.312 
-.480 
-.560 
-.556 
-.272 



(2) 



Rhi H/Q 



0.639 

-.022 

.415 

.246 

.423 

-.008 

-.414 

.209 






6: Correlation between 
unit man-hours =Rq, 
7; Correlation between 
and unit man-hours = 



changes In plant output and 
changes in plant employment 



m 

)crc€___ 

Ih, H/Q 

» N^t available available during 1947-61. 
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£ Table 3-a Relationship Between Changes in Employment and Changes in Unit Man-Hohes, Selected Indijs- 

TEIES, 1953-59 1 



Industry 



Total. 



Number of 
establishments 


Total production worker 
man-hours 


Change In total production worker man-hours 


1953 


1959 


Total 


Associated with decrease in— 


Unit man-hours 


Output 


Actual 


Percent 


Actual 


Percent 


Actual 


Percent 


23 

20 

150 

44 

124 

47 

35 

26 


5,401 

29,276 

188,318 

177,166 

52,917 

41,073 

80,677 

48,184 


6,063 

27,894 

157,054 

137,366 

53,436 

27,056 

66,413 

32,702 


662 
-1,382 
-31,264 
-39,790 
519 
-14, 017 
-14,264 
-15,482 


12.3 

-4.7 

-16.6 

-22.5 

1.0 

-34.1 

-17.7 

-32.1 


0 

-1,382 

-31,264 

-39,790 

0 

-2,571 

0 

-4,927 


0 

-4.7 
-16. G 
-22.5 
0 

-6.3 

0 

-10.2 


0 

0 

0 

0 

0 

-11,446 

-14,264 

-10,666 


0 

0 

0 

0 

0 

-27.9 

-17.7 

-21.9 


469 


623,002 


607,984 


115, 018 


-18.6 


-79,934 


-12,8 


-36,265 


-6.8 



> Based on establishments for which data were available during 1947-61. 



Source: Census Bureau Time Series Project. 



Table 4. Analysis of Output, Employment and Peoductivity Relationships, 1957-61 ^ 



Industry 



A. . 

B. 

C. 
D- 

E. 

F. 

G. 
F- 



Total. 



Percent change 


Di/H 


Dp/H 


Dp/Di 


GD/H 


Dp/GD 


B,.H/Q 


Bb,H/Q 


Employ- 

ment 


Output 


Unit man- 
hours 


1 


2 


3 


4 


5 


6 


7 


1 1 1 1 ] 1 1 1 


16 

-15 

10 

14 

4 

-24 

-11 

-12 


-29 

-12 

-26 

-28 

-19 

-2 

-10 

-21 


0.18 

.11 

.18 

.18 

.16 

.02 

.09 

.20 


0.16 

.10 

.17 

.18 

.11 

.05 

.04 

.14 


0.93 

.86 

.93 

1.01 

.70 

2.36 

.62 

.67 


0.21 

.28 

.20 

.20 

.21 

.26 

.21 

.36 


0.78 

.36 

.85 

.89 

.52 

.19 

.19 

.39 


-0.643 

-.382 

-.540 

-.207 

-.614 

-.410 

-.249 

-.391 


0.501 

-.081 

.370 

.445 

.307 

.130 

.274 

.440 


-20 


7 


-25 


0.16 


0.14 


0.89 


G) 




(?) 





Column l: Industry level disemployment/employment 1967= Di/H. 
2: Plant level disemployment/employment 1957=Dp/ii. 

n. -ni 1 . «1lr.Arv^*NlrkTrmanfnn#1l1cfrY7 loTTol nlQAITmlnVinf^T 



= Ep/B|» 



2: Plant level aisempioymenwei“P^uy^«i^‘' 

3: Plant level disemployment/industry level <i^semplo^ei^= 

4: Gross declines in plant employment/emplpymen\1957=OTffl. 

6: Plant level dlsemployment/gross declines in plant employmen t=Dp/G:u. 

6* Correlation between percentage changes in plant output and unit man-hours— Rq, H/Q* . 

7; Correlation between percentage changes In plant employment and unit man-hours-Bb, H/Q. 



> Based on establishments for which data were available during 1947-61. * Not available. 

Table 4-a Relationship Between Changes in Employment and Changes in Unit Man-Houes, Selected 

Industeies, 1957-61 > 



Industry 



A- 

B. . 

C. . 
D-. 
E- 
F- 
Q-. 
H. 



Total, 



Number of 
establish- 
ments 



23 

20 

145 

49 

127 

47 

35 

30 



476 



Total production worker 
man-hours 



1967 



5,939 
29,946 
176,402 
145, 589 

54.242 

31.243 
63,819 
44, 5Q6 



651,776 



1961 



4,895 

22,302 

143,960 

119,878 

45,825 

23,168 

51,142 

30,924 



442,094 



Change in total production worker man-hours 



Total 



Actual 



-1,044 

-7,644 

-32,442 

-25,711 

-8,417 

-8,075 

-12,677 

-13,672 



-109,682 



Percent 



-17.6 
-25.5 
-18.4 
-17.7 
-15.5 
-25.8 
-19.9 
-3a 7 



-19.9 



Associated with decrease in— 



Unit man-hours 



Actual 



-1,044 

-3,395 

-32,442 

-25,711 

-8,417 

-670 

-5,537 

-9,002 



-86,218 



Percent 



-17.6 

-11.3 

-18.4 

-17.7 

-16.5 

- 2.1 

-8.7 

-2a 2 



-15.6 



Output 



Actual 



0 

-4,249 

0 

0 

0 

-7,405 
-7,140 
-4, 670 



-23,464 



Percent 



0 

-14.2 



-23. 

- 11 . 

- 10 . 



-4.3 



o 
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I Based on establishments for which data were available during 1947-61 



Sour 'e: Census Bureau Time Series Project, 
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Table 5. Percent op Industry Production Worker Man-Hours (PWMH), Selected Establishments 



Industry 



1-. 

2 „. 

3.-. 

4„, 

6 .., 

6 „. 

7.. . 

8 .. . 
9-.. 
10 . 

11 .. 

12 ., 

13.. 
14. 

15., 
16. 
17. 



Total- 



Establlshmonts for which 1954-61 data were available 



Establishments for which 1947-01 data were available 



Number of covered 
establishments 


PWMH 1961 (in 
thousands of 
man-hours) 


PWMH coverage 
1961 (percent) 


Number of covered 
establishments 


PWMH 1947 


PWMH coverage 
1947 (percent) 


49 

27 


6,999 

25,741 

19,796 

162,405 

123,357 

57,024 

757,920 

16,195 


0.59 

,96 

77 


21 

19 


4,487 

35,329 


0.39 

.48 


52 

207 

62 

162 


.If 

.89 

.95 

.93 

on 


143 

43 

117 


194,495 

205,662 

62,080 


11.11 

.79 


230 


. va 








29 

59 


• uv 
70 








24,160 

AA A^O 


. IV 

R7 








55 


29, 478 
62,539 
54,827 
67,809 
8,168 
43,474 
56,713 
39,705 


. Of 








136 


. oo 
R7 








60 


. Of 
7Q 








71 

42 
91 

43 
46 


. IV 

on 








. ou 

.73 

.90 

.88 


46 

33 

23 


32,064 

70,208 

44,827 


• 48 
.77 


1,427 


1,556,310 




445 


639,047 





1 Greater than 100 percent because some plants are included in this study 



which were classified In Industry 3099, Kubber Not Elsewhere Classified, 
in 1947. 



Table 6. Coefficients op Correlation Between Selected Variables Based on Percent Change 1957 to 1961^ 



Industry 



1 ... 

2 .. 

3.. . 

4.. . 

5.. 

6 .. 
7.. 
8 - 
9- 
10 . 
11 . 
12 . 



Coefficient of correlatitu between imit man-hour 
requirements and: 


Production a 


Production worker man- 






hours 


r 


Sr 


r 


Sr 


i 

-0. 625 


0.092 


0.356 


0. 132 


-.499 


.150 


-.256 


.187 


-.420 


.123 


.306 


. 135 


-.642 


.152 


.540 


.183 


-.685 


‘ .116 


.144 


.214 


-.532 


.052 


.399 


.061 


-. 164 


.132 


.507 


.101 


-.525 


.060 


.297 


.076 


-.384 


.059 


.209 


.066 


-.647 


.116 


-.221 


.190 


-.285 


.323 


.369 


.116 


.012 


.139 


.510 


.103 



Industry 



13 

14 

15 

16 

17 

18 

19 

20 

22l""IIII"I"”IIIIIII! 

23 

25 industries combined 



Coefficient of correlation between unit man-hour 
requirements and: 



Production a 


Production worker man- 






hours 


r 


Sr 


r 


Sr 


-0.320 


0. 079 


0. 098 


0.088 


-.758 


.095 


.288 


.205 


-.764 


.104 


.017 


.250 


-. 659 


.146 


.050 


.258 


-.396 


.109 


.309 


.117 


-. 151 


.127 


.531 


.094 


-. 017 


.167 


.621 


.102 


-.366 


.092 


.172 


.103 


-.187 


.279 


.139 


.283 


-.288 


.147 


.219 


.152 


-.314 


.146 


.446 


.130 


-.463 


.021 


.208 


.025 



r=Coefficient of correlation. 

Sr=Standard error of r. 

1 Establishments for which data were available during 1954-61. 
» Defiated adjusted gross production. 



Source: Annual Survey of Manufactures Time Series Records for 25 indus- 
tries for the years 1954-61. 



Table 7. Coefficients op Correlation Between Selected Variables Based on Percent Change 1947 to 1961 > 



Industry 



1 

2 



6 . 



Coefficient of correlation between unit man-hour 
requirements and: 


Production a 


Production worker man- 
hours 


r 


Sr 


r 


Sr 


-0.344 

-.157 

-.671 

-.228 

-.306 

-.511 


0.164 

.230 

.137 

.080 

.135 

.067 


0.402 

.284 

.328 

.524 

.170 

.425 


0.156 

.217 

.223 

.062 

.145 

.074 



Industry 



7 

8 

9 

10 

15industriVs'Mmbto 



Coefficient of correlation between unit man-hour 
requirements and: 



Production a 


Production worker man- 






hours 


r 


Sr 


r 


Sr 


-0.413 


0.207 


0.466 


0.196 


-.667 


.168 


-.091 


.299 


-.251 


.115 


.206 


.118 


-.213 


.177 


.080 


.185 


-.024 


.218 


.108 


.216 


(») 


(») 


(?) 


(?) 



r=Coefficient of correlation. 

Sr=Standard error of r. 

1 Establishments for which data were available during 1947-61. 
a Defiated adjusted gross production. 



> Not available. 

Source: Annual Survey of Manufactures Time Series records for 15 
industries for the years 1947-61. 
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Table 8 . Coefficients op Correlation Between Selected Variables Based on Percent Change 1947 to 1957 ‘ 



Industry 

\ 


Coefficient of correlation between unit man-hour 
requirements and: 


Production » 


Production worker man- 
hours 


r 


Sr 


r 


Sr 


1 


-0.403 


0.153 


0.340 


0.161 


2 


-.288 


.216 


.042 


.235 


3 


-.461 


.186 


.491 


.179 


4 


-.303 


.076 


.411 


.069 


5 


-.287 


.137 


.237 


.141 


6 


-.503 


.067 


.388 


.076 



Industry 



7 

8 

9 

10 

11 

15 industries combined 



Coefficient of correlation between unit man-hour 
requirements and: 



Production 3 


Production worker man- 






hours 


r 


Sr 


r 


8r 


-0.061 


0.249 


0.464 


0.196 


-.665 


.168 


.337 


.287 


-.377 


.106 


.072 


.122 


-.389 


.155 


.072 


.182 


-.271 


.202 


-.039 


.218 




(») 







r« Coefficient of correlation. 

8r=Standard error of r, 

1 Establishments for which data were available during 1047-61. 
^ Deflated adjusted gross production. 



• Not available. 

Source: Annual Survey of Manufactures Time Series records for 15 
industries for the years 1947-61. 



Table 9 . Coefficients of Correlation Between Selected Variables Based on Percent Change 1953 to 1959 ^ 



Industry 


Coefficient of correlation between unit man-hour 
requirements and: 


Industry 


Coefficient of correlation between unit man-hour 
requirements and: 


Production » 


Production worker man- 
hours 


Production * 


Production worker man- 
hours 


r 


Sr 


r 


Sr 


r 


Sr 


r 


8r 


1 

2 

4 

5 

6 


-0.302 

-0.447 

-0.630 

-0.422 

-0.312 

-0.480 


0.175 

0.200 

0.135 

0.072 

0.136 

0.073 


0.639 

-0.022 

0.014 

0.415 

0.246 

0.423 


0.114 

0.260 

0.224 

0.072 

0.142 

0.078 


7 

8 

9 

10 

11 

15 industries combined 


-0.727 
-0.680 
-0. 660 
-0.666 
-0.272 
(») 


0.111 

0.184 

0.093 

0.120 

0.197 

(») 


0.098 

0.050 

-0.008 

-0.414 

0.209 

(») 


0.233 

0.277 

0.136 

0.144 

0.204 



r= Coefficient of correlation. 

Sf=Standard error of r. 

1 Establishments for which data were available during 1947-61. 
< Deflated adjusted gross production. 



» Not available. 

Source: Annual Survey of Manufactures Time Series records for 15 
industries for the years 1947-61. 



Table 10, Coefficients of Correlation Between Selected Variables Based on Percent Change 1957 to 1961 * 



Industry 


Coefficient of correlation between unit man-hour 
requirements and: 


Production 3 


Production worker man- 
hours 


r 


Sr 


r 


Sr 


1 


-0.643 


0.094 


0.501 


0.120 


2 


-.382 


.182 


-.081 


.212 


3 


-.738 


.105 


.064 


.228 


4 


-.540 


.055 


.370 


.067 


5 


-. 207 


.134 


.445 


.112 


6 


-.514 


.063 


.307 


.078 



Industry 



7 

8 

9 

10 

11 

15 industries combined 



Coefficient of correlation between unit man-hour 
requirements and: 



Production a 


Production worker man- 






hours 


r 


Sr 


r 


Sr 


-0.766 


0.095 


0.278 


0.212 


-.844 


.077 


.057 


.266 


-.410 


.094 


.130 


.111 


-.249 


.154 


.274 


.152 


-.391 


.150 


.440 


.143 


(») 


(») 


0 


(») 



r= Coefficient of correlation. 

SfsStandard error of r. 

* Establishments for which data were available during 1947-61. 
> Deflated adjusted gross production. 



> Not available. 

Source: Annual Survey of Manufactures Time Series records for 15 
industries for the years 1947-61. 
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The Rate of Development and Diffusion of Technology 



1. Introduction 

World War II initiated a new era in science and 
technology. For the first time in history, ^e in- 
dustrial nations of the world — the United States, 
England, Germany, Kussia, and Japan — spent 
substantial public funds to accelerate technological 
development. Although the primary objective of 
these research efforts was the development of new 
military weapons, such as guided missiles and the 
atomic Domb, they also produced a number of im- 

E ortant innovations which formed the basis for a 
ost of new industrial and consumer products 
after the war. Many of these products — radar, 
microwave communications, jet aircraft, electronic 
computers — ^have become an important part of our 
modem industrial and consumer way of life. 

In the United States alone, expenditures for 
teclmological research and development during 
World War II amounted to more than $4: billion, 
the major portion of which was provided by the 
Federal Government. After the end of World 
War II, Government research and development 
expenditures for military and defense applications 
declined, but they increased significantly again 
during the Korean war. Government-supported 
research and development has continued to in- 
crease since that time as the country’s military and 
defense needs required new concepts in weapon 
systems built upon advances in science and tech- 
nology. More recently, the Federal Government 
has provided a new impetus to public support of 
research and development in space exploration. 
As a result. Federal Government expenditures for 
research and development increased from $1.6 bil- 
lion in 1950 to an estimated $15 billion in 1965. 

A second impetus to this country’s growin^ch- 
nological orientation also emerged from World 
War II, the result of the realization by business 
and industry that new and profitable competitive 
advantages could be gained from technology 
through the development of new products, proc- 
esses, and services. One outstanding example of 
the potential of technological innovation is the 
television industry which, while virtually non- 
existent prior to World War II, in the subsequent 
20 years contributed more than $16 billion to our 
economic output. Another new industry that has 
emerged from technology is electronic data proc- 



essing, Since the basic discovery in this field was 
made 20 years ago, the industry has grown rap- 
idly to where its output was $1.4 billion in 1964. 
The net result of the growing awareness of busi- 
ness and industry in the competitive advantages of 
technological innovation is an increase in indus- 
trial expenditures for research and development 
from $1.2 billion in 1950 to an estimated $5.5 bil- 
lion in 1965. 

This combination of public and private invest- 
ment in technological aavancement has created a 
vast reservoir of scientific and technical knowledge 
which has fostered new industrial and consumer 
products, new business organizations, and entire 
new industries. It has also generally become an 
important factor in the continued growth of our 
industrial economy. However, the impact of tech- 
nology is not limited only to business and industry. 
Technological innovations are creating new job 
opportunities, making obsolete existing skills, and 
creating demands for new skills; they are affecting 
what we eat, what we buy, how we spend our lei- 
sure time, and even what we teach our children. 
In total, they are affecting virtually every facet of 
our way of life. 

Technological discovery and development are 
lihely to accelerate in the future as public and pri- 
vate investment in research and development con- 
tinues to inc”ease. Further impetus to teclmolog- 
ical change it, provided as business organizations 
establish long-range planning groups whose pri- 
mary function is to identify innovations in embry- 
onic stages. Their objective is to channel company 
funds and efforts into the most promising areas 
to exploit the competitive advantages of innova- 
tions more rapidly and effectively. 

Despite the fact that technological advancement 
and the rate at which technology is changing in- 
creasingly affects our economy and way of life, 
very little factual information is available on the 
process and factors influencing the rate of change. 
Yet it is important that we know more about these 
factors because they often result in significant 
social and economic changes, some of which may be 
less than desirable for certain individuals, business 
organizations, communities, and even entire geo- 
graphical areas. The objective of this study is to 
investigate the entire process of technological dis- 
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covery, development, and diffusion, and to answer 
the following questions ; 

How much time Is required to translate a major tech- 
nological innovation from the laboratory stage to the 
point where it becomes a commercial product or 
process? 

What period of time is required for a major tech- 
nological innovation to attain a level where it can 
be said to have a significant economic and social im- 
pact? 

Have these time intervals been decreasing in recent 
years, and are these changes of particidar signifi- 
cance? 

What is the impact of the Federal Government’s ex- 
penditures on research and development for military 
and defense programs? 

What other external factors appear to infiuence the 
rate of development and difEusion of technology? 

To provide these answers, this study investi- 
gated 21 major technological innovations intrO" 
duced during the last 60 to YO years that have had 
a significant social and economic impact. The 
chronology of discovery and development of each 
of these innovations was established and compared 
to determine what changes have occurred m the 
rate of technological development durii^ the last 
60 to YO years and to determine what effects such 
factors as Government research and development 
expenditures have on this rate of development. 
Similarly, the economic growth (measured in rela- 
tion to gross national product) of each of these in- 
novations was determmed and compared to eval- 
uate the changes that have occurred in the rate 
of diffusion of technology. A more complete de- 
scription of the methodology and criteria used in 
these determinations is contained in section 4 of 
this report. 

^ The report presents the basic methodology used 
in this investigation, the results of the analysis of 
the rate of development and diffusion, and the 
conclusions that were derived from this analysis. 
The appendix presents a brief history of the dis- 
covery, development, and economic growth of each 
of these technological innovations, including the 
basic data that were used in the analysis. 

2. Summary 

Technology is only one of many interrelated 
forces that continually act upon our economy and 
society. However, in comparison to most of these 
forces, technology has a more dynamic nature and 
changes resulting from it generally occur at a 
rapid rate. That the television industry could 
attain a level of output in excess of $1 billion and 
become an mtimate part of the lives of our popu- 
lation within a period of 5 years provides a dra- 



matic illustration of technology’s dynamic poten- 
tial. 

During the last 20 years, the rapid increase in 
Federal Government e2q>enditures for research 
and development in the defense and space pro- 

f rams has combined with the growing interest 
y business and industry in technology as a source | 
of competitive advantage to increase further the 
role of technolo^ as an agent of change. New 
scientific and technical knowledge has already re- 
sulted in the development of thousands of new in- 
dustrial and consumer products, fostered the estab- 
lishment and growth of hundreds of new business 
organizations, created entire new industries, and 
generally contributed substantially to the overall 
growth of our economy. This new knowledge has 
resulted in the creation of new job opportunities 
and the elimination of others j it has created de- 
mands for new skills and made others obsolete; it 
has affected what we eat, what we buy, how we 
spend our leisur^ what we teach our children— 
in total, it has affected every facet of our way of 
life. 

In the past, the natural forces within our econ- 
omy and societv have been left to accommodate to 
technological changes. However, growing public 
and private investment in research and develop- 
ment have so rapidly increased our scientific and 
technical resources that there is growing concern 
regardmg the ability of natural forces to continue 
to cope with the r^ulting changes. Yet very little 
factual information is available concerning the 
rate of technological change and factors that in- 
fluence it. 

Economists have for some years been attempting 
to measure the rate of technological change and 
its impact on our economy and societj. But be- 
cause their measurements have been prmarily con- 
cerned with the overall economic effects of tech- 
nology, they provide veiy little insight into the 
rate at which technological changes occur in, in- 
dividual se^ents of our economy. From past 
experience, it is evident that the rate of tech- 
nological change varies considerably from one in- 
dustry to another; certainly, it has been far greater 
in the electronics and chemical industries than in 
the furniture and food industries. 

The rate of teclmological change is the product 
of two independent factors — ^the rate at which in- 
novations are introduced into the economy, and the 
rate at which each diffuses through the economy, 
bringing about changes. Unfortunately, there is 
no reliable method hy which these rates can be 
measured directly, just as there is none to measure 
the economic impact of technology. Three indirect 
methods have been used to measure changes in the 
rate at which innovations are being introduced into 
the economy — expenditures for research and de- 
velopment, the number of scientists in research 
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and development, and the number of patents is- 
sued. These measures indicate that — 

total expenditures for research and development in- 
creased slightly more than 300 percent in the last 10 
years, from $5.7 billion in 1954 to an estimated $17.4 
billion in 1963 ; 

the number of scientists and engineers engaged in re- 
search and development in industry increas^ slightiy 
more than 200 percent in that same period, from 
164,000 in 1954 to an estimated 339,400 in 1963 ; 

the number of patents issued increased from 379,000 
in the 5-year period from 1951 to 1955, to 457,000 in 
the period from 1960 to 1964. 

Even with the limitations of these indicators, it 
can be concluded with a reasonable degree of cer- 
tainty that the^ rate at which technological inno- 
vations are being introduced into our economy 
has increased significantly during the last 10 years. 
However, this increase is cause for concern only if 
the ability of our economy to accommodate to the 
impact or changes is overwhelmed. 

The rate at which technology is diffused through 
our ^onomy is the more critical aspect of the 
question of acceleration in the rate of technological 
change. Its importance lies in its indication of 
the amount of time available for our economy and 
society to react to technological changes. 

The results of this study indicate that every step 
in the process of technological development and 
diffusion has accelerated during this period. More 
specifically : 

the average lapsed time between initial discovery of 
a new technological innovation and the recognition 
of its commercial potential decreased from 30 years 
for technological innovations introduced during the 
early part of this century (1880-1919), to 16 years 
for innovations introduced during the post-World War 
I period, and to 9 years for the post-World War II 
period ; 

the time required to translate a basic technical dis- 
covery into a commercial product or process decreased 
from 7 to 5 years during the 60- to 70-year time period 
investigated ; 

the rate of diffusion (as measured by economic 
^owth) for technological innovations introduced dur- 
ing the post-World War II period was approximately 
twice that for post-World War I innovations, and 
four times the rate for innovations introduced during 
the early part of this century. 

These investigations also indicate that the rate 
of development and diffusion is : 

nearly twice as fast for technological Innovations 
with consumer applications as for those with indus- 
trial applications ; 

somewhat faster for innovations developed with Fed- 
eral Government funding than for those developed by 
private industry, but not as much as might be ex- 
pected ; 

206-754— 66— vol. II 4 



somewhat faster for innovations introduced into an 
existing industry as compared to those that required 
the creation of an entire new industry. 

This study has provided an insight essential to 
the establishment of a national pdicy regarding 
the effects of technological change. It demon- 
strated that the rate of development and diffusion 
of technology is indeed accelerating, but that the 
lapsed time required for commerci^ development 
and diffusion is such that an “early warning sys- 
tem”^ to identify potentially important teclmolog- 
ical innovations m early stages of research and 
development is not necessary. It can be stated 
with reasonable confidence that those technologi- 
cal innovations which will have a significant im- 
pact on our economy and society during the next 
5 years have already been introduced as com- 
mercial products, and those technological inno- 
vations that will have a significant social and 
economic impact during the 1970-75 period are 
now in a readily identifiable state of commercial 
development. 

Therefore, the problem of coping with tech- 
nological change is not one of anticipating tech- 
nological innovations far in advance of their 
commercial development; it is, rather, in ade- 
quately identifying the direct and indirect im- 
pact of innovations now in existence. Thus the 
Federal Government should emulate private 
business and industry’s efforts to anticipate the 
effects of new teclmological developmente. Com- 
panies have learned that insight into the direct 
and indirect effectn of technology cannot be gained 
on a part-time basis and simply by obtaining a 
consensus of opinion. All too often, individuals 
within a field are unaware of outside developments 
that will have a,n important impact on their in- 
dustry, and outsiders who have no perspectiv e by 
which to gage the practical difficulties often make 
totally unrealistic estimates of the rate of tech- 
nolomcal change. Therefore, business and indus- 
try have discovered that accurate interpretation 
and forecasting of technological change require 
unique capabilities and an organization that de- 
votes full time to these activities. The Federal 
Government also needs such a staff organization 
to monitor and analyze the impact of teclmology. 
Furthermore, efforts should not be limited to fore- 
casting effects on the labor force but should also 
be concerned with the indirect effects of technology 
on such areas as transportation policy, utility regu- 
lation, education and training programs, anti- 
trust activities, and other fields of Federal, State, 
and local government concern. 

Study findings also provide a crude but useful 
tool for monitoring technological innovations. For 
example, the rate^ of diffusion for a major tech- 
nological innovation with consumer applications 
in existing industry, such as television and civilian 
jet aircraft, can be expected to be very rapid and 
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should be monitored very cl(^ely. On the other 
hand, a major technological innovation that will 
foster the creation of a new area of industrial 
activity (e.g., the laser) can be^ expected to have 
a relatively slow rate of diffusion and therefore 
would not have to be monitored as carefully. 
Similarly, other factors, such as the source of de- 
velopment funds, could be incorporated into any 
assessment of the rate of development and diffusion 
to determine the changes that will accompany a 
given teclmological innovation and the extent to 
which it will need to be monitored. 

3. Understanding the Process of Technological 
Innovation 

The traditional ‘‘Horatio Alger” of tech- 
nological innovation is a young man who, while 
worMng late one night in a homemade laboratory 
in his basement, accidentally mates a major new 
discovery that is quickly adopted by industry. 
Part of this story, with some variations, has 
happened in life a number of times in the past 
(e.g.. Bell with the telephone, Morse with the 
telegraph, and Goodyear with rubber) , and prob- 
ably is happening today, although to a much 
lesser extent than during the 19th and early part 
of this century. However, the portion dealing 
with the commercial development and exploitation 
of a new discovery is largely a myth in our modern 
industrial society. 

Although it is possible for a technological in- 
novation to be discovered by an individual and 
achieve widespread application by word-of-mouth 
or by a technique that does not involve a deliberate 
investment of capital for commercial develop- 
ment and exploitation, the rate at which it is 
diffused would be so slow that the ensuing changes 
vrould not be a matter of concern. In our modem 
society, a major technological innovation is char- 
acteristically introduced % a company ov group 
of companies which recognize the potential com- 
mercial application of a technological innovation 
(dircovered by themselves or others) and invest 
considerable effort and funds in developing it com- 
mercially and exploiting its applications. This 
type of success story canbe found in the history of 
such innovations as synthetic fibers, radio and 
te'ievisten, electronic computers, and frozen foods. 
It is of particular concern because changes result- 
ing from this type of technological innovation can 
occur so quickly that natural economic and social 
forces may not be able to react and adjust effec- 
tively, thereby creating problems in our society. 

In order to anticipate, identify, and cope with 
the problems created by technolo^, it is necessary 
te know more about the process of teclmological 
innovation, the factors that influence the rate at 
which innovations diffuse into our economy, and 
the methods by which this diffusion can be meas- 



ured. This section is conc/crned with providing 
some insight and understanding into these 
problems. 

The Ecoucrmics of Technological Innovation. 
While a niw technological innovation may be dis- 
covered without the expenditure of funds, its con- 
version into a product and its commercial exploi- 
tation invariably requires such expenditures. The 
amount is determined by the technical difficulties 
that arise during commercial development, capital 
investment requirements for plant and facilities, 
and costs in developing applications. For exam- 
ple, Du Pont estimates that it invested $2 million 
on research and development of the first synthetic 
fiber (Nylon) but because of the complexity of 
its synthetic leather product (Corfam\ it took 
$25 million to develop this new product. Because 
the willin^ess of companies and private indi- 
viduals to invest in technology has an important 
effect on the rate of development and diffusion, it 
is important to know something about the eco- 
nomics of development and diffusion. 

Fundamentally, most technological innovations 
are introduced into our industrial and consumer 
economy because of the very pature of our free 
enterprise ^stem. They provide an opportunity 
for competitive advantage in the form of mcreased 
sales of existing products, lower production costs, 
or new or better products and/or services, all of 
which eventually (and hopefully) translate into 
increased profits. Therefore, the neater the po- 
tential profit from a technological innovation in 
relationship to the amount of investment, the more 
willing and anxious a company is to invest in it. 
This IS one apparent reason why technological 
innovations in consumer applications have a faster 
rate of diffusion than those in industrial appiic^l- 
tions — potential profits are usually much greater 
in the consumer field because of the size of the 
market. 

^ Another factor entering into the economic equa- 
tion^ for tephnological innovation is the clement 
of risk. Since there is usually a degree of uncer- 
tainty both in the teclinical aspects of commercial 
development and the profit potential of commer- 
cial exploitation^ the investor in a technological 
innovation must oalance this risk against the total 
amount of funds invested and the expected return 
on Divestment. The extent of the risk can be re- 
duced to some extent by decreasing the rate at 
which the investment is made. This lengthens the 
time period for commercial development and de- 
creases the rate of diffusion, but it also provides 
a greater time perspective in which the merits 
of the investment can be evaluated. 

^ Still another way for a company or even an en- 
tire industry to reduce the risk of investing in a 
new technological innovation is to have the Fed- 
eral Government assume all or a part of the risk. 
This condition is found in most technological in- 
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novations initially ijitended for military and de- 
fense applications. The Federal Government can 
assume risk by financing research and develop- 
ment, underwriting the market, subsidizing pro- 
duction costs, and even financi^ the construdion 
of manufacturing facilities. The Federal Gov- 
ernment has, in lactj played a signific^t role m 
reducing the risk of mvesting in a number of im- 
portant technological innovations in the last few 
years, and therefore is becoming more important 
in determining the rate of development and diffu- 
sion of teclmdogy. ^ 1 

The problem of assessing the economic potential 
of technological innovation has become such an 
im portant consideration in business and industry 
that many compani^ are establishing separate 
groups within their organization with the sole 
function of evaluating capital investment require- 
ments, profit potential, and inherent risks involved 
in teclmological innovations. If these corporate 
and product planning groups are successful in do- 
ing a better job, the effect should be to accelerate 
the rate of development and diffusion of technol- 
ogy and decrease the number of technological m- 
novations (particularly unsuccessful ones) intro- 
duced each year. 

The MeasuTeTMTit of TeehTiologicdl luvMvatioTh. 
Technology is one of the major forces that con- 
tinually act and interact upon our economy. Some 
of these forces, particularly social and economic 
ones, tend to occur slowly and on such a broad 
scale that they are difficult to control. Technologi- 
cal changes are usually more dynamic because they 
tend to occur at a much faster rate and are, to some 
extent, controllable by the amount of funds m- 
vested in their exploitation. The television indus- 
try’s ability to attain a level of output of $1 billion 
in a period of 6 years is certainly an excellent ^- 
ample of the dynamic nature of technological in- 
novation. 

Because of this dynamism, economists for some 
years now have been attempting to measure^ the 
impact of technological innovation on our society. 
To a large extent, these attempts have been un- 
successful because the effects of technolo^ cannot 
be measured in economic terms directly, out must 
be imputed from other economic measurements. 
One economist, Edward Denison,^ has measured 
the contribution of technology to the growth of 
our economy by starting with changes in the real 
gross national product during the last 60 years and 
subtracting the changes caused by other economic 
factors — ^hours of labor, capital investment, work- 
ing population, and others, with the remainder 
representing the contribution of technology. An- 
other more widely known method of measuring an 



1 Edward F. Denison, Source of Economto Qroyoth 
United 8tate$j Conimlttee for Economic Development, New xork. 
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aspect of the impact of technology on our economy 
uses changes in the productivity of labor.® 

One difficulty of these and other methods lies in 
their concern with the overall effect of technologi- 
cal innovation on the economy. Yet past experi- 
ence shows that the effects of technological change 
vary considerably from industry to industry. Cer- 
tainly, the contribution of technolo^ to the 

g rowth of the electronics and chemical mdustries 
as been far greater than the furniture and food 
industries. Because the problems created by tech- 
nological innovations are much more acute when 
the dianges occur in a few years rather than oyer 
a generation or two, overall measures of the im- 
pact of technology do not truly reflect the magni- 
tude of the proWems that can arise from techno- 
logical innovation. 

Another major problem in measuring techno- 
logical change is the difficulty in distinguishing be- 
tween the two basic components that together de- 
termine the change— the number of technological 
innovations introduced, and their rate of diffusion. 
As with overall technological changes, no reliable 
techniques by which these factors can be measured 
directly exist. Attempts have been made to meas- 
ure changes in the quantity of teclmological inno- 
vations mtroduced by such indirect factors as 
changes in research and develcmment expenditures, 
the number of patents issued, or the number of 
scientists ~nd engineers engaged in research and 
developm .''.t activities. However, it is highly 
doubtnil if any of these measures accurately re- 
flect the true changes in the number of techndoM- 
cal innovations introduced each year, and certeii^ 
they do not provide any indication if more signif- 
icant technmogical innovations are being intro- 
duced now than in the past. 

Tffie rate of development and diffusion of tech- 
nology as a factor determining the overall effect 
of teclmological change is the primary concern of 
this investigation. This rate is critical because it 
determines whether sufficient time is available for 
natural forces within economy and society to 
adjust to changes ac . ompanying innovations. If 
this rate is accelerating so that the adjustment 
period is too short, then methods for anticipating 
the impact of technological changes and instituting 
corrective measures may have to be developed. 

4. The Rate of Development and Diffusion of 
Technology 

Technological innovation appears to be a basic 
characteristic of our society. During the last 26 
years, the U.S. Patent Office has issued more than 
1 million patents, ranging in complexity from 
plastic zippers to the contmuous casting of steel. 
Even these patent statistics understate the amount 

* Trends in Output Per Man-Hour in the Private Economy, 
Bureau of Labor Statistics. Washington, D.C. 
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of technological innovation in this country because 
many innovations, particularly in the field of 
manufacturing processes, are not patented, either 
because they involve new applications of existing 
technology and are not patentable or because the 
patent application itself would reveal proprietary 
information that would be of considerable value to 
others. Some of these innovations have been suc- 
cessfully exploited as new commercial products, 
processes, or services; others are successful only in 
the eyes of the inventor. 

Periodically throughout history, some tech- 
nological innovations have been developed which 
have a very significant social and economic im- 
pact. They create a major new industry, displace 
or make obsolescent existing products, provide an 
important new medium of communication, or even 
alter the way we live. Such technological innova- 
tions as the steam engine, line-casting machine, 
telephone and telegraph, electric light, and inter- 
nal-combustion engine fall into this category, as do 
such more recent nmovations as radio and televi- 
sion, the airplane^ synthetic resins, the vacuum 
tube, the automobile, and synthetic fibers. Some 
recent technological innovations which appear to 
meet this criterion include electronic computers, 
semiconductors and integrated circuits, synthetic 
leather, numerical control, and atomic power 
generation. 

Selection of Innomtions. The diverse nature of 
technological innovation created a basic problem 
in this study concerning the selection of innova- 
tions to be investigated. Because of the Commis- 
sion’s concern with the impact^ of technological 
change, this investigation was limited to innova- 
tions that have caused significant changes in our 
economy and society. Thus, technological innova- 
tions were chosen that have created, or are ex- 
pected to create, entire new industries, displaced 
existing products and processes, changed training 
and sMll requirements of workers, or made an 
important contribution to society. 

Another more practical reason for restricting 
this investigation to major technological innova- 
tions was the method employed to measure the rate 
of diffusion of teclmology. Since this measure- 
ment was based on economic growth, it was neces- 
sary to select innovations of such magnitude and 
importance that reasonably reliable economic data 
were available throughout the entire history of 
the innovations, a requirement which imposed a 
further restriction on the selection. Because ade- 
quate detailed economic data are virtually 
available prior to the start of this century, selection 
had to be confined to technological innovations 
that were introduced into our economy during the 
last 60 to YO years. 

A preliminary investigation indicated that three 
other factors might also have an important influ- 



ence on the rate of development and diffusion of 
teclmological innovations, and therefore should be 
considered in selection. These factors are:^ 

1. The type of market application. It is rea- 
sonable to expect that substantial differences exist 
between the rate of development and diffusion for 
innovations with consumer applications and those 
with industrial or commercial applications. In- 
dustrial innovations normally have demonstrable 
economic advantages (e.g., lower costs, better qual- 
ity, or increased sales) which considerably influ- 
ence the rate at which industry will adopt new 
technology— the greater the incentive, the more 
rapidly it will be introduced. For^ innovations 
with consumer aj>plications, economic considera- 
tions are seldom imj)ortant, except to the extent 
that costs limit the size of the market. The rate 
of introduction generally depends upon the crea- 
tion of a consumer demand and acceptance. On 
the other hand, most consumer markets are so 
much larger than industrial markets that major 
new consumer innovations are likely to have a 
much greater economic and^ social impact than 
those with industrial applications. 

2. The source of development funds.^ In recent 
years a number of major technological innovations 
have resulted from research and development ef- 
forts funded by the Federal Government for mili- 
tary and space programs. For example, semicon- 
ductors, numerical control^ electronic computers, 
and nuclear power generation, as well as a host ot 
other less significant innovations, owe their devel- 
opment to Federal support. In contrast, the entire 
development and ma^et exploitation of such tech- 
nological innovations as synthetic fibers and syn- 
thetic leather were completely under the control 
of one company. Between th^e two extremes lie 
varying combinations of public and private par- 
ticipations in funding technological development. 

One other important aspect of the source of de- 
velopment funding is its effect on the rate of 
diffusion of a new technology. Most innovations 
developed by private companies have a proprie- 
tary status protected by our patent system, where- 
as innovations developed under Government 
funding are often made freely available to any 
interested company without licensing or royalty 
payments. The availability of patent protection 
would seem to be an incentive for a company to 
develop new technological innovations, but this 
would also probably retard the rate of diffusion 
since the number of companies, and, therefore, 
the amount of funds expended on commercial ex- 
ploitation, would be limited. A primary reason 
for the very rapid growth of the semiconductor 
field was the availability of basic patents. Be- 
cause the source of development funding appeared 
to be significant in considering the rate of de- 
velopment and diffusion of teclmology, an attempt 
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was made to reflect this factor in the selection of 
innovations to be studied. 

3. Intraindustry innwations. In reviewing a 
list of major teclmological limovations introduced 
into various industries during the last 60 to 70 
years, it was evident that certain fields have ex- 
perienced more than one major innovation during 
the period. For example, vacuum tubes, semi- 
conductors, and integrated circuits were intro- 
duced into electronic circuity over a span of 40 
years, and each has had or will have an important 
impact on the electronics industry. Similarly, 
frozen foods and freeze-dried foods are important 
developments in food processing introduced dur- 
ing this period, as are antibiotics and vitamins in 
the drug field. By selecting several intraindustry 
innovations, it was felt that some of the problems 
of comparing innovations from one field to an- 
other could be reduced, and perhaps a setter meas- 
ure of changes in the rate of development and 
diffusion of technology could be obtained. 

It would have been d^irable to select a large 
number of technological innovations in each cate- 
gory to provide sufficient (mportunity to investi- 
gate independently the influence of each factor 
on the rate of development and diffusion of tech- 
nology. However, the requirement for detailed 
economic data severely restricted the number of 
innovations that could be analyzed. Exhibit 1 
lists the 20 technological innovations finally se- 
lected along with some important characteristics 
of each — date of commercial introduction, current 
level of output, nature of market application, 
primary source of development funds, and the 
type of innovation. Although 21 technolo^cal 
innovations were initially selected for investiga- 
tion in this study (see the appendix to this report) , 
one of these innovations, magnesium, was excluded 
from this analysis because it was felt that magne- 
sium’s history of development and economic 
growth (due to direct competition from alumi- 



num) was inconsistent with that of the 20 other 
innovations. 

Although selection was made on the basis of 
the rather arbitrary criteria discussed above, the 
list appears to include most of the^ technological 
innovations that have had a major impact on our 
economy and society during tnis century. The 
selection also provid^ a reasonable balance be- 
tween other factors influencing the rate of de- 
velopment and diffusion of technology. However, 
because of the limited number of innovations in- 
volved, these factors are intermixed to such an 
extent that considerable judgment had to be used 
in assessing the importance of each. 

Measuring the Bate of Development and Diffu- 
sion. Perhaps the most difficult problem in this 
entire undertaking was the establishment of a 
yardstick to measure the rate of development 
and diffusion for such diverse technological in- 
novations as electronic computers, frozen foods, 
synthetic fibers, and nuclear power generation. 
The most obvious yardstick is “time,” which re- 
quires the definition of certain critical reference 
points within the entire process of technological 
development and diffusion in order that lapsed 
time can be measured and compared in a reason- 
ably objective manner. 

After examining the chronology of discovery, 
development, and diffusion for a number of tech- 
nological innovations, four steps in the process 
were identified: 

1. Basic research and investigation. The period 
of basic research and investigation can best ne de- 
fined as the time when knowledge is generated for 
knowledge’s sake. In most instances, the begin- 
ning of mis period, when the original idea occurs, 
is impossible to ascertain for it may be traced as 
far back as Greek mythology (the airplane) or 
early science fiction (television). Therefore, no 
attempt was made to measure this period other 



Exhibit 1. Characteristics of Technological Innovations Studied in This Investigation 



Technological innovation 


Date of 
commercial 
introduction 


Cunent 

output 

(millions) 


Type of market 
application 


Type of innovation 


Primary impetus 
to development 


Aliimlnnm __ __ 


1802 


J 1,211 


Industrial 


Primary 


Industry. 


TVyrnfrir trail lola frftnQTvnrhAt:!nn 


1895 


>17,965 


Consumer 


do 


Do. 


Qtmfliaffa raQln.Q _ _ 


1910 


>2,310 


Industrial 




Do. 


A ir tTAriRnnrtftf.inn 


1911 


UM31 


Consumer. 




Qovemment. 


l?.1aafr/infa troanitm fllVlAQ 


1920 


>688 


Consumer/industrial^« 


do. 


Industry. 


‘PorHn VirnartoAQ finer 


1922 


>1,042 


Consumer 




Do. 


T?r/iTan fnn/lQ _ _ _ _ 


1926 


>4,381 




Secondary. 


Do. 


VifemiinQ _ 


1937 


>91 




Primary 


Do. 


RtmfViaf 


1939 


>1,730 


do 


Secondary 


Do. 


Qtmfliaffa nililiar 


1940 


>807 


do. 


do 


Government. 


AnHli!nfif*Q _ _ 


1940 


>470 


do 


Primary 


Industry. 


TalatTlof/in hrnnili'GQfincr 


1945 


>2,683 




Secondary. 


Do. 


nnifaninnn 


1950 


*21 


Industrial 


do 


Government. 


P.loofrnnfo onmniif.Ara 


1960 


>1,400 


do. 


Primary 


Do. 


Ram ) onn 1 1 of nvQ 


1961 


>660 


do. 


Secondary 


Do. 


Mitmorfool rrmfml 


1966 


>84 


do. 




Da 


IMnolaav nmxrar cranarftflnn 


1967 


>64 


Consumer— 


do. 


Da 


l?raa7a.r1r1or1 fnrvlQ _ _ 


1961 


>34 


do 


do 


Da 


Tnfacnrafarl f'.IrwiitA _ _ 


1961 


>62 


Industrial 


do. 


Do. 


HtmfliaHo laafViar _ _ _ 


1964 


Unknown 


Consumer^. 


do 


Industry. 















1 1063 data. > 1664 data. 
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than to not© some of the more outstanding funda- 
mental research and experimentation that pre- 
ceded the discovery of each innovation. 

2. Incubation p&riod. The incubation period 
begins when technical feasibility of an innovation 
is established, and ends when ite commercial po- 
tential becomes evident and efforts are made to 
convert it into a commercial product or process. 
The existence of an incubation period is in direct 
conflict with the widely held concept that a basic 
technological discovery is immediately followed 
by a hectic period of development as mdividuals 
and companies rush to convert the innovation into 
a commercial product or process. Although this 
has happened with several recent innovations 
(e.g., semiconductors and lasers), the investiga- 
tions indicated that this is the exception rather 
than the rule. For most innovations, a period of 
time lapses (sometimes quite long), when very 
little progress is made or even attempted to con- 
vert the discovery into a commercial product or 
process. 

There appears to be no single reason for this 
incubation period; rather, it results from tech- 
nical, economic, and/or market factors which in- 
fluence the assessment of the commercial potential 
of an innovation. F or example : 

Radio was originally viewed as an adjunct to the 
telephone and telegraph as a medium of private com- 
munication; its potential role as a medium of mass 
communication through broadcasting was not recog- 
nized until several years after it was in use com- 
mercially for private communication purposes. 

The process for manufacturing synthetic rubber was 
available for more than 20 years before commercial 
development was started. The commercial poten- 
tial of the process did not become evident until tech- 
nical advances had been made in the production of 
required raw materials. 

Frozen foods had to await the creation of an eco- 
nomic climate in which the consumer was willing to 
pay a premium for the convenience of these foods. 

The commercial potential of the vacuum tube did not 
become evident for 8 years after its initial discovery, 
until research on the nature of electron flow in a 
high vacuum was successfuL 

The incubation period could be of particular im- 
ortance to changes in the rate of development and 
iffusion of teclmology because the period could 
be shortened significantly in the future by indus- 
try’s long-range and pr^uct planning activities. 

3. Commercial development. Commercial de- 
velopment begins with the establishment or recog- 
nition of the commercial potential of a technologi- 
cal innovation. It is normally characterized by a 
decision to undertake development to resolve the 
remaining technical and economic obstacles to 
commercial applications of an innovation. This 
may be undertaken by a company, the Federal 



Government, or even a private individual, but it 
is always a directed effort to reach a reasonably 
well-defined commercial objective. In addition, 
this period includes the time and effort required 
to develop the required production processes and 
equipment. The commercial development period 
ends when the innovation is introduced as a com- 
mercial product or process. 

4. Commercial growth (diffusion). The diffu- 
sion of technological innovations into consumer 
and industrial applications is a complex process 
of vital interest to this study since it determines 
the rate at which the changes brou^t about by 
technolog}' will affect our economy. The commer- 
cial growth cycle followed by innovations typically 
involves an mterplay of technical and economic 
factors— new applications increase production 
by lowering costs,and thereby enlarging the scop© 
of applications. Eventually, the onginal innova- 
tion is displaced by newer innovations or by eco- 
nomic and social changes. 

Because the process of diffusion is a continual 
progression of events that is almost impossible to 
define chronologically, it was necessary to use eco- 
nomic growth as a measure of the rate of diffu- 
sion. While economic growth may not be the most 
ideal measure, since it is admittedly an indirect 
indicator, it does provide a common denominator 
by which the rate of diffusion of one technolo^cal 
inn ovations can be compared with another. ^ Fur- 
thermore, economic measures of the diffusion of 
innovations have a very close relationship with 
one important aspect of technological change — 
the impact on the labor force. 

If the economics of technological innovations 
are traced through their production process — raw 
materials used, electrical power, gas, and other 
utilities required, and other factors contributing 
to production— the total output of these innova- 
tions at some point in the process is eventually 
translated into wages or return on invested capital. 
Since wages, either direct or indirect, probably 
comprise the largest proportion of the total, an 
innovation’s economic growth probably provides 
a reasonably good measure of its overall effect on 
the labor force. 

A basic drawback to the use of economic criteria 
as a measure of the rate of diffusion is their limited 
scope. Although economic data are available for 
such direct measures as value of manufacturers’ 
output and revenues from services (for example, 
airline revenues), similar data for activities in- 
directly connected with the innovation generally 
are not available in the detail necessary. For ex- 
ample, in this investigation, the output of the 
radio and television industries was measured by 
combining the value of output for radio and tele- 
vision set manufacturing with revenues from radio 
and television broadcasting. However, this does 
not take into account the economic contribution of 
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television and radio in supporting retail appliance 
stores and service shops. Similarly, the measure- 
ment of output of the electronic computer industry 
does not indude the value of services supplied by 
data processing service centers scattered through- 
out the country and the value of business forms 
consumed by these computers. Because of this de- 
ficiency, economic measures used probably repre- 
sent only 25 to 50 percent of the true contribution 
of these innovations to our economy. 

The method employed to measure the rate of 
diffusion involved the establishment of a series of 
economic benchmarks, with the lapsed time re- 
quired for innovations to attain each benchmark 
determined and compared. Two different sets of 
benchmarks were used — one, a relative economic 
measure, based on percent of gross national prod- 
uct (i.e., 0.02, 0.05, 0.10, 0.15, 0.25, 0.50 percent, 
etc.) and the other, an absolute economic measure, 
based on the dollar value of output (i.e., $50 mil- 
lion, $100 million, $250 million, $500 million, etc.) 
converted to constant dollars based on the 1957- 
59 Index of Wholesale Prices. 

Of these, the percent of GNP is probably the 
more valid method of measuring the rate of dif- 
fusion over the entire period under investigation 
since one of the primary considerations in this 
investigation is the effect of technological change 
on employment opportunities. Thus, the GNP- 
based. measurement more accurately reflects this 
contribution, since average weekly earnings have 
grown nearly as rapidly during the period under 
investigation as gross national product. (GNP 
in 1920 was 16 percent of 1963 GNP, whereas 1920 
average weekly earnings were 26 percent of those 
in 1963.) Therefore, a technological innovation 
that attained a level of output of 0.25 percent in 
1925 contributed roughly as many new employ- 
ment opportunities as another innovation that at- 
tained a similar level in 1963. Absolute levels of 
output are not as reliable a measure of the rate of 
diffusion throughout the entire period under in- 
vestigation. However, it is much easier to apply 
than the GNP-based measurement and could be 
used as a reasonably good indicator over a limited 
time span. 

The method employed to measure the rate of 
development and diffusion of technology in this 
study IS relatively crude and unsophisticated. A 
number of more sophisticated methods, particu- 
larly to measure economic growth, could be uti- 
lized; for example, mathematical curve analysis 
and compounded rate of growth. However, after 
examining both the data and the chronology of 
the selected innovations, the inescapable conclu- 
sion is that the inaccuracies and assumptions in- 
herent in this type of investigation simply could 
not justify the use of more precise measurement 
techniques. The effects of three wars (World 
W’^ar I, W’’orld W'ar II, and the Korean war) and 



the defense and space programs are so complex 
that sophisticated measurement techniques simply 
were not warranted. 

The Rate of Development of Technology^ As in- 
dicated above, two distinct steps occur in the 
process of technological development after the 
technical feasibility of an innovation has been 
established ; 

1. A period ensues when little or nothing of a 
concrete nature occurs because although tec^ical 
feasibility has been established, a number of miss- 
ing elements must be supplied before the com- 
mercial potential becomes evident. 

2. Once the commercial potential has been rec- 
ognized, a period of commercial development en- 
sues when a directed effort is made to convert the 
basic technology into a technically and economi- 
cally feasible product or process. 

Exhibit 2 shows the incubation period and com- 
merical developmpt period for each of the tech- 
nological innovations studied and the date when 
commercial development work was initiated. As 
the chart indicates, there is a large variation, par- 
ticularly in the incubation period. For example, 
frozen foods had an incubation period of 74 years, 
whereas the incubation period for integrated cir- 
cuits was only 2 years. A similar variation exists 
for the commercial development period, ranging 
from 14 years for titanium and synthetic leather 
to only 1 year for antibiotics. For these 20 innova- 
tions, the average incubation period was 19 years, 
and for commercial development, 7 years. These 
averages are not particularly important to this 
investigation except that they emphasize that the 
time required for a major technical discovery to 



Exhibit 2. Rate op Development for Selected 
Technological Innovations 







Lapsed time (years) 


Technological innovation 


Start of 
commer- 
cial de- 
velop- 
ment 


Incuba- 

tion 

period 


Commer- 

cial 

develop- 

ment 


Total de. 
velop- 
ment 


Aluminum 


1886 


31 


6 


37 


Motor vehicle transportation 


18Q1 


23 


4 


27 


Air transportation 


1903 


6 


8 


14 


Synthetic resins 


1907 


49 


3 


52 


Radio broadcasting 


1913 


17 


9 


28 


Electronic vacuum tubes 


1914 


7 


6 


13 


Frozen foods 


1916 


74 


9 


83 


Vitamins 


1926 


13 


11 


24 


Synthetic rabber 


1929 


20 


11 


31 


Television broadcasting 


1933 


22 


12 


34 


Synthetic fibers 


1936 


6 


3 


9 


Titanium 


1936 


26 


14 


40 


Antibiotics 


1939 


11 


1 


12 


Electronic computers 


1944 


16 


6 


21 


Semiconductors 


1948 


7 


3 


10 


Numerical control 


1948 


18 


7 


25 


Synthetic leather..-. 

Nuelear power generation 


1950 


12 


14 


26 


1954 


11 


3 


14 


Frcczc-drlcd foods 


1955 


4 


6 


10 


Integrated eireuits 


1958 


2 


3 


5 


Average 




19 


7 


26 
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be converted into a useful conmiercial product or 
process (an average of 26 years) is far longer 
than generally reco^ized. 

To assess changes in the rate of technological de- 
velopment during the last 60 to 70 years, the in- 
novations were grouped into three periods, based 
on the point in time when commercial development 
work was started. Periods selected were : 

Early 20th century (1890-1919) ; 

Post-World War I (1920-44) ; 

Post-World War II (1945-64). 

Each period encompasses a time of substantial 
growth in this country’s economy. Furthermore, 
the post-World War I and II periods are some- 
what similar in that during both, wartime tech- 
nolo^ was rapidly reoriented to consumer and in- 
dustrial apphcations, resulting in a number of 
si^ificant innovations. Considering the Mculty 
01 matching individual economic (maracteristics, 
the three time periods provide a reasonably ac- 
curate basis for comparison. 

The results of this analysis are shown in exhibit 
3. As this chart indicates, the overall lapsed time 
for technological development has declined dur- 
ing the last 60 to 70 years, from a mean of 37 years 
in the early 20th century period, to 24 years dur- 
ing the post-World War Iperioa, to 14 years dur- 
ing the post-World War II period. Surprisingly, 
the primary reduction in the overall period is the 
result of a decrease in the incubation period rather 
than in the commercial development period. The 
incubation period declined from 30 to 9 years dur- 
ing the last 60 to 70 years, whereas the commercial 
development period only declined from 7 to 5 
years. The results suggest that the acceleration in 
the rate of technological development can pri- 
marily be attributed to the increasing sophistica- 
tion and activities of business and industry in 
identifying potential commercial applications of 
technology. The decrease in the incubation period 
can be expected to continue in the future as busi- 
ness and industry devote more of their efforts to 
product and corporate planning directed at the 
problem. 

The relatively small change in the commercial 
development period suggests that perhaps engi- 
neers and scientists have always been reasonably 
adept at converting a technological discovery to a 
commercial product or process once the direction 
and objective of these efforts were determined. 
However, as exhibit 2 indicates, several innova- 
tions were converted into commercial products in 
3 years or less, and three of these innovations, semi- 
conductors, nuclear power generation, and inte- 
grated circuits, were among the most recent. It is 
therefore reasonable to expect that the rate of com- 
mercial development can be increased to some ex- 
tent if sufficient funds are allocated. With the 
continuing increase of expenditures by the Federal 
Government and private industry for research and 
development, the lapsed time for commercial 



development can be expected to decrease further 
in the future. However, considering that a certain 
amount of inertia exists in the area of commercial 
development, it is unlikely that any dramatic re- 
ductions will be made during the next 5 to 10 years. 

Other factors that could be expected to influence 
the rate of technological development arc ai . ; 
summarized in exhibit 3. This analysis suggests 
some interesting patterns concerning the effects of 
these factors on the incubation period. For exam- 
ple, innovations \nth industrial applications have 
an incubation period approximatdy twice that of 
those with consumer applications; and innovations 
developed with private industry funds also have 
an incubation peri id approximately twice that of 
those funded by the Federal Government. How- 
ever, no significant difference was found in the 
incubation period between innovations developed 
in existing (secondary) industries and new (pri- 
mary) industries. 

Despite their rather substantial effect on the in- 
cubation period, none of these factors were shown 
by this study to have had a significant influence 
on the commercial development period. Logic 
would tend to suggest that the rate of commercial 
development for innovations sponsored by the Fed- 
eral Government would be much faster than for 
those financed by private industry, and that indus- 
trial innovations would have a faster rate of com- 
mercial development than consumer innovations. 
But no such pattern was evident from the analysis. 
Similarly, very little difference existed between the 
commercial development periods for primary and 
secondary type innovations. 

The Rate of Diffmion of Technology. As indi- 
cated above, the rate of technological (Affusion was 
determined by measuring the lapsed time required 
to attain levels between two established sets of 
economic benchmarks: one base(i on percent of 
gross national product which provides a measure 
of the relative impact on our total economy; an(i 

Exhibit 3. Summary of the Influence of Various 
Factors on the Rate of Technological Develop- 
ment 



Mean lapsed time (Years) 



Factors influencing the rate of 
technological development 


Incuba- 
tion period 


Commer- 
cial devel- 
opment 


Total de- 
velopment 


Different time periods: 








Early 20th century (1890-1919) 


30 


7 


37 


Post-World War I (1920-44) 


16 


8 


24 


Post-World War II (1945-W) 


9 


5 


14 


Type of market application: 






Consumer 


13 


7 


20 


Industrial 


28 


6 


34 


Source of development funds; 


Private Industry 


24 


7 


31 


Federal Government 


12 


7 


19 


Type of innovation: 




Primary. 


19 


6 


26 


Secondary 


18 


8 


26 
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the other, an absolute measure, based on fixed levels 
of output. The lapsed time reqmred by each of 
the 20 innovations under investigation to reach 
the various relative and absolute economic levels 
is shown in exhibits 4 and 5. 

The analysis of the changes in the rate of diffu- 
sion of technology during the last 60 to 70 years is 
similar to that made on changes in the rate of 
technological development, except that innova- 
tions were allocated to the three time periods based 
on the date of commercial introduction rather than 
the start of commercial development. The time 
periods remained the same — 1890-1919, 1920-44, 
and 1945-64. 

Exliibit 6, which shows the results of this analy- 
sis, provides an interesting insight into changes 
that have occurred in the rate of diffusion of tech- 
nology during the last 60 to 70 years. It is evi- 



dent that the rate of diffusion has definitely 
accelerated during this period, but that the acceler- 
ation has taken two different forms. The first is 
revealed by comparing the lapsed time to reach 
each economic level for innovations introduced 
during the first part of the 20th century and 
during the post- World War I period. At each 
economic benchmark, the rate of diffusion for the 
more recent innovations w’as two to three times 
that of earlier innovations. 

The second is revealed by comparing innovations 
introduced during the post-World War I and post- 
World War II periods. Although the rate of dif- 
fusion was almost identical during the early stages 
of economic growth (i.e., 0.02 and 0.05 percent of 
GNP), the time required for post-World War I 
teclmological innovations to reach the higher eco- 
nomic levels was considerably longer than for post- 



Exhibit 4. Rate of Economic Growth for Selected Technological Innovations Measured in Relation 

TO Gross National Product 



Technological innovation 



Date of 
commercial 
introduction 



Aluminum 

Motor vehicle transportation. 

Synthetic resins 

Air transportation 

Electronic vacuum tubes 

Radio broadcasting 

Frozen foods 

Vitamins 

Synthetic fibers., 

Synthetic rubber 

Antibiotics 

Television broadcasting 

Titanium 

Electronic computers 

Semiconductors 

Numerical control 

Nuclear power generation.— 

Freeze-dried foods— 

Integrated circuits 

Synthetic leather 



1892 

1894 

1910 

1911 
1920 
1922 
1925 
1937 

1939 

1940 
1940 
1946 
1950 

1950 

1951 
1955 
1957 
1961 
1961 
1964 



Lapsed time (years) required to reach economic levels 



0.02 

percent 

GNP 


0.05 

percent 

GNP 


0.10 

percent 

GNP 


0.15 

percent 

GNP 


0.20 

percent 

GNP 


0.26 

percent 

GNP 


0.50 

percent 

GNP 


0.75 

percent 

GNP 


1.0 

percent 

GNP 


14 

5 

<26 

8 

5 

1 

9 

5 

2 

2 

5 
2 

6 
6 
5 
9 

>7 

>4 

>3 

>1 


23 

7 

29 

17 

8 
2 

12 

>28 

6 

s 

2 + 

>■1 

7 

>9 


50 

9 

31 

26 

23 

3 

16 


62 

10 

36 

26 

23 

4 

21 


07 

11 

37 

26-1- 

>44 

6 

26 


>72 

13 

41 

28 








15 

>55 

29 


17 


20 


30 


30+ 


7 

27 


22 

31 


>42 

38 




40 


13 

3 

10 

3+ 


15 

4 

>24 

4- 


22 

>24 


25 


>26 


















4 


4 + 


5 


19 


>19 


11 

9 


13 

>13 


14 


>14 







































































































Exhibit 64 Rate of Economic Growth for Selected Technological Innovations Measured by Absolute Levels 

OF Output 



Lapsed time (years) required to reach economic levels 



Technological innovation 


i^^ube ui 

commercial 

introduction 


$50 

million 


$100 

million 


1 

$250 

million 


$500 

million 


$7.'50 

million 


$1,000 

million 


$1,600 

million 


$2 000 
million 


Aluminum 


1892 

1895 

1910 

1911 
1922 
1920 
1925 
3937 

1939 

1940 
1940 
1945 
1950 


23 

8 

26 

10 

2 

7 

10 

5 

2 

2- 

4 

2 

4 


24 

10 

29 

11 

3 

8 

12 

6 

3 

1 + 

2+ 


53 

12 

31 

20 

4 

22 

15 

>28 

11 

3 

10 

3 


63 

16 

36 

21 

7 

23 

25 


68 

16 

41 

22 

8 

35 

26 


70 

17 

43 

23 

21 

>44 

27 


>72 

20 

49 

23+ 

>42 




Motor vehicle transportation 

Synthetic resins 

Air transportation 


28 

62 

24 


Radio broadcasting 




Frozen foods 


29 


31 


Vitamins 

Synthetic fibers 

Synthetic rubber. — 


14 

11 

>24 

3+ 


19 

22 


22 

>24 


24 


>26 


Antibiotics 

Television broadcasting 

Titanium. - — - 


4 


4+ 


8 


16 


Electronic computers 

O/kvn 11 Af /M*e> 


1950 

1951 


5 

3 


6 

4 


8 

7 


11 

9 


13 

14 


14 

>14 


>14 




An 1 aav%^1*a1 


1955 


6 


10 


>10 














1957 


6 


>7 












iNUCiear power gen erution------------... ----------------- 


1961 


4 


>4 














Jb reeze-urieci loous. — — 


1961 


3 


>3 














iniegraieci circuus--— 

Q If ^ Vl A^1 A 1 A1^ 


1964 


>1 
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Exhibit 6. Summary of the Influence of Various 
Factors on the Rate of Technological Diffusion 





Mean lapsed time (years) 


Factors influencine tho rate of diffusion 
of technology 


0.02 

percent 

GNP 


0.05 

percent 

GNP 


0.10 

percent 

GNP 


0.20 

percent 

GNP 


Different time periods: 


9 


18 


20 


35 


Eatly 20th century (1890-1010) 


Post- World War I (102(H4) 


4 


6 


11 


18 


Post-World War II (1945-64) 

Typo of market application: 


5 


6 


8 


9 






10 


16 


Consumer 


4 


7 


Industrial 


8 


16 


25 


29 


Source of development funds: 




10 


15 


25 


Private industry 


5 


Federal Government 


6 


8 


12 


20 


Typo of innovation: 




13 


20 


27 


Primary 


6 


Secondary 


5 


6 


9 


17 



World War II innovations — 18 years as against 9 
to reach 0.20 percent of GNP. There is further 
evidence that our post-World War II economy is 
able to ingest technology at a faster rate: post- 
World War II innovations required only 4 years 
to grow from 0.02 percent to 0.20 percent of GNP, 
whereas post-World War I innovations required 14 
years, or, more than three times as long. However, 
two other considerations must be introduced into 
any evaluation of these findings : 

1. Innovations introduced^ during the post- 
World War I period were primarily in consumer 
applications, which, subsequent analysis revealed, 
tend to have a faster rate of economic growth than 
the industrial innovations which characterized the 
post-World War II period. 

2. Since post-World War II innovations that 
reached the higher economic levels were those with 
the fastest rate of growth, it is auite possible that 
an analysis Such as this undertaken in another 10 
years would show innovations with slower growth 
rates reaching the higher economic levels. ^ Thus, 
the average length of time required to attain these 
levels would be increased. 

Although it is impossible to ascertain the exact 
magnitude of the bias these two factors introduce 
into these findings, they act in opposite directions 
and perhaps offset each other to some extent. 

liespite these mitigating factors, the conclusion 
that the rate of diffusion of technology has acceler- 
ated substantially during the last 60 to 70 yeps 
is quite evident. Furthermore, this rate has in- 
creased not only in the early stages of commercial 
growth, but apparently it accelerates as the extent 
of diffusion increases. The net result is that the 
lapsed time required for technology to produce 
widespread effects on our economy and society has 
decreased significantly during this century— per- 
haps by a factor of four or more. 

Findings shown in exhibit 6 provide an indi- 
cation of the role of such factors as the nature of 
the application, source of development funds, and 
type 01 innovation on the rate of diffusion of tech- 



nology. Of these three, the type of mpket appli- 
cation appears to be of particular importance, 
since consumer innovations had a rate of com- 
mercial growth approximately twice that of indus- 
trial innovations—^ years as against 8 to reach a 
level of 0.02 percent of GNP, and 16 years as 
against 29 to reach 0.20 percent of GNP. Appar- 
ently, the market for consumer innovations is so 
much larger than industrial market applications 
that their potential economic impact and rate of 
economic growth is greater. 

The an^ysis of the rate of diffusion between in- 
novations financed by public and private develop- 
ment funds provides an indication of the effects of 
the Federal Government’s defense and space pro- 
grams. Only a small variation was indicated be- 
tween the two gToups of innovations during the 
early stages of economic growth, but at the higher 
economic levels, the rate of growth is greater for 
innovations whose development was financed by 
the Federal Government. For example, it re- 
quired 20 years for private industry financed 
innovations to grow from 0.02 percent to 0.20 per- 
cent of GNP, whereas Federal Government fi- 
nanced innovations required only 14 years to attain 
the same levels. 

Freedom from patent restrictions may be a 
factor accounting for the faster overall rate of 
diffusion of federally supported developments. 
Innovations financed by private industry often 
are accompanied by a certain degree of patent pro- 
tection for the sponsoring individual or company. 
This patent protection restricts other companies’ 
access to the innovation and provides the patent 
owner with certain exclusive rights to exploit its 
commercial application. Thus, commercial ex- 
ploitation of such innovations would likely involve 
a single firm. In contrast, most technological in- 
novations developed with Federal Government 
funds are free of patent restrictions, and, as a re- 
sult, commercial exploitation of such an innova- 
tion might be undertaken simultaneously by a 
number of firms. "When more companies compete 
in a new area of technology, total inv^tment is 
normally higher and the rate of economic growth 
is also probably greater. 

A comparison of innovations introduced into 
existing industries (secondary innovations) with 
those that required the creation of an entire new 
industry (primary innovations) revealed a pattern 
similar to that found between publicly and pri- 
vately financed innovations. The time required 
to attain the lower levels of economic growth was 
approximately equal— 6 years for primary innova- 
tions to reach a level of 0.02 percent of GNP as 
against 5 years for secondary. However, second- 
ary innovations reached a level of 0.10 percent of 
GNP in 9 years as compared to 20 years for pri- 
mary innovations to reach the same level. Tliese 
data appear to indicate that the overall rate of 
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economic gro^vth for secondary innovations is ap 
proximately twice that of primary iimoigitions. 

Thus, the rate of development and diltusion ot 
technology appears to have accelerated substan- 
tially since the early part of this centi^y, and even 
since the post-World War I period. For example, 
innovations introduced during the early part ot 
the century required an average lapsed time ot db 
years from the start of commercial development 
for output to equal 0.10 percent of the gross na- 
tional product (approxmately $625 million at 
1964 economic levels). Post-World War I inno- 
vations required 19 years to attai n th e same eco- 
nomic level, and post-World War II innovations 
only 13 years. Furthermore, such factors as tiie 
source of development funding, type of applica- 
tion, and industry structure into which the inno- 
vation is introduced have been demonstrated to 
have an important effect on the rate of develop- 
ment and diffusion of technology. 

5. Conclusions 

The Commission’s principal interest in the rate 
of development and diffusion of technology can 

be summarized by two questions: , . j« 

1. Is the rate of development and diffusion ot 
technology accelerating as a result of rapidly in- 
creasing research and development ^penditures 
by private industry and the Federal GovOTiiment . 

2. If this rate of development and diffusion is 
accelerating, are the changes caused by technolo^ 
occurring at such a rapid pace that natural forc^ 
within our economy and society cannot cope with 

f hem ^ 

The 20 major innovations examined and ana- 
lyzed in this study are only a small sample ot the 
hundreds and thousands of teclmological innova- 
tions that have been introduced in our economy 
in recent years and, therefore, there are acknowl- 
edged limitations on the extent to which these con- 
clusions can be generalized to encompass the entire 
field of technology. Nevertheless, the results of 
this investigation have provided some answere to 
these questions. As noted in section 4, the rate of 
development and diffusion for technological i^o- 
vations introduced during the post-World War 
II period (1945-64) was twice the rate for those 
introduced during the post-World Wp I penod 
(1920-44) and three times the rate for mnovations 
introduced during the early part of the century 
(1890-1919). Furthermore, the lapsed time be- 
tween a basic technical discovery and the recogni- 
tion by business and industry of the commercial 
potential of such a discovery has also declined, 
from 30 years for innovations in the early part of 
t.his century to 9 for tliose introduced during the 
post-World War II period. Therefore, it is quite 
evident that the rate of development and diffusion 
of technology is increasing, and that there is no 



logical reason to expect this is not to continue to in- 
crease during the next 5 to 10 years. 

Furthermore, although the rate of development 
and diffusion is increasing, the lapsed time from 
basic technical discovery to the point where signin- 
cant social and economK^roblems become evident 
still relatively long. For technological mnova- 



IS 



tions introduced during the post.-World War II 
period, an average period of 9 years ensued from 
the basic technical discovery before busines. in- 
dustry, or the Federal Government recognized die 
commercial potential of the discovery: An addi- 
tional 5 years were required to convert the basic 
discovery into a commercial product or process, 
and 5 more years passed before a level of ^tput 
equal to 0.02 percent of GrNP was reached. There- 
fore, an average lapsed time of 19 years from basic 
discovery and 10 years from start of commercial 
development was required for a technological in- 
novation to reach an economic level where about 
6,000 to 8,000 jobs would be directly affected. To 
reach an economic level where significant social 
and economic effects would probably become evi- 
dent (perhaps at a level equal to 0.10 percent of 
GNP) an average additional 3 years was required. 

From these data, it is apparent that the present 
rate of development and diffusion of technology 
does not require the institution of an “early warn- 
ing system’^ to identify potential major technolog- 
ical innovations in their early stages of research 
and development. Almost witliout exception, 
those teclm^ogical innovations that will have a 
significant impact on our economy and society 
during the next 5 years have already been intro- 
duced as commercial products or processes : Those 
that will have a significant impact during the 
1970-75 period are already at least in a readily 
identifiable stage of commercial development. 

The real problem in dealing with tlie effects of 
changes on our society and economy caused by the 
introduction of new technological innovations is 
not the anticipation of technical discoveries far in 
advance of their commercial development, but 




produce. 

on employment and industry structures are some- 
what obvious and not difficult to predict; however, 
the indirect effects of technology are often equally 
important but not nearly as evident. For exam- 
ple, the direct effect of the introduction of the 
oxygen steelmaking process into the steel industry 
be to reduce employment in a segment of steel 
mill operations and to lo;. j production costs. 
One of the indirect effects will be to change the 
source of energy for this portion of the steelmak- 
ing process from fuel oil to electrical power, 
thereby eliminating several million gallons of fuel 
oil presently consumed each year by the steel in- 
dustry. 



o 



11-44 



studies; employment impact op technological change 



The Federal Government should emulate pri- 
vate industry’s efforts to assess the direct and in- 
direct effects of technological innovation. To 
compete effectively, companies are finding it in- 
creasingly important to anticipate (manges. 
Furthermore, mey have learned that this fore- 
casting is not a part-time job and that they cannot 
gain an adequate insight into these changes simp^ 
by obtaining a consensus of opinion. All too of- 
ten, in(iivi(iuals within a field are unaware of out- 
side (developments that will have an important 
impact on their operations, and outsiders, naving 
no perspective to gage the practical difficulties in- 
volved in applying a new technology, often make 
totally unrealistic estimates of the rate of tech- 
nological change. Thus, as business and industry 
have already discovered, the accurate interpreta- 
tion and forecasting of teclmological change re- 
quire an organization with unique capabilities 
which devotes full time to these activities. The 
Federal Government also needs this type ()f staff 
organization to monitor and analyze the inipact 
of technology. Furthermore, rather than limit- 
ing these efforts to forecasting the impact on the 
labor force, such a Federal organization could 
provide valuable information applicable to trans- 
portation policy, utility regulation, education and 
training requirements, antitrust legislation, and a 
host of other Federal, State and local government 
activities. 

This investigation has also supplied a valui ble 
tool for monitoring technological innovations. It 
provided an insight into the influence of such fac- 
tors as the source of development funds, nature of 
the application, and type of innovation on the rate 
of development and diffusion of technology, and 
indicated that: 

technological innovations with consumer applications 
are developed and diffused at a rate considerably 
faster than that for innovations with industrial 
applications; 



innovations introduced into an existing industry are 
developed and diffused at a rate faster than that for 
innovations requiring the creation of an entire new 
industry ; 

innovations developed with Federal Government 
funds have a slightly faster rate of development and 
diffusion than those developed with private financing. 

These findings provide a crude but useful pri- 
ority system that can be used to assess the rate^ at 
which the effects of a new technological innovation 
will be felt on our economy. For example, the 
rate of diffusion for a major technological inn()va- 
tion with consumer applications introduced into 
an existing industry could be very rapid, as the 
rapid growth of television and commercial jet 
airline transportation has demonstrated.^ On the 
other hand, major technological innovations with 
in(iustrial applications requiring the creation of 
a new industry (such as the laser) could be ex- 
pected to have a relatively slow rate of diffusion. 
In a similar manner, the influence of the source of 
development funding can be incorporated into any 
assessment of the rate of diffusion of a technologi- 
cal innovation. 

By usin^ these subjective interpretations in com- 
bination with some of the more (Objective data pre- 
sented in this study, a system for assessing the rate 
of (ievelopment an(i diffusion of technolo^ could 
be institute(i and applied to technological innova- 
tions as they are introduced into our economy. 
This system could determine how closely each 
should be monitored and how quickly associated 
changes are likely to occur. Perhaps the end re- 
sult of these efforts might be a complex “forecast 
ing model” of current and anticipated technologi- 
cal innovations which would not only indicate the 
direct and in(iirect effects on our economy and so- 
ciety, but also project the rate at which changes 
will occur. Such a model would certainly be of 
considerable help to public and private organiza- 
tions in understanding many of tno changes occur- 
ring in our economy and in coping with the prob- 
lems resulting from these changes. 
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A History of Recent Technological Innovations 



by Frank Lynn, Thomas Roseberry, and Victor Babich 



Just as the study of the history of nations, so- 
cieties, and cultures provide a perspective against 
which present social and political changp c^ oQ 
interpreted, so the study of the histo^ of techno - 
ogy provides a basis for assessing the impact ot 
present and future technological innovations on 
our economy and society. This investigation oi 
changes in the rate of development and diffusion 
of technology entailed a study and analysis of tne 
history of 21 teclmological innovations that have 
had a significant social and economic impact dur- 
ing the last 60 to 70 years. (One of these mnova- 



tions, magnesium, was not included in this analy- 
sis.) As the investigation progressed, it became 
painfully evident that the type of detailed histori- 
cal and economic data required to gam an insist 
into the process of technological mnovation is diln- 
cult and time consuming to obtain, particularly tor 
many of tlie innovations mtroduced durm^ the 
last 20 years. To assist others with similar inter- 
ests in the subject, a brief history of the chronology 
and economic growth of the 21 technological mno- 
vations that formed the basis of the analysis is pre- 
sented in this appendix. 
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1. Major Technological Innovations in the Field of Electronics 



Perhaps this study of major tec^ological inno- 
vations in the field of electronic circuitry can best 
be summarized by the comments several years ago 
of the vice president of research and development 
for a major electronics firm. He said that through 
past experiences he had developed a “formula” for 
estimating how long it would take for innovations 
in the electronics field to pass from laboratory de- 
velopment to widespread commercial application. 
His formula consisted of estimating how fast prog- 
ress could be made under the most favorable con- 
ditions, and dividing this by a factor of two, since 
the rate of technological progress in the electron- 
ics field was generally twice as fast as anyone con- 
sidered possible. Based on the most recent prog- 
ress in tne field of integrated circuits, perhaps he 
will soon be changing the divisor to a factor of 
three. 

As the foregoing sugjeste, the rate of develop- 
ment and diffusion for major technological inno- 
vations in the electronics field is quite rapid. This 
and other considerations make innovations in the 
field of electronic circuitry of particular interest 
to this investigation. Two innovations considered 
here, vacuum tubes and semiconductors, played a 
critical role in the development of a number of 
other innovations which have had a profound in- 
fluence on our way of life. The vacuum tube made 
possible the commercial development of the entire 
radio and television broadcasting industry. The 
semiconductor was vital in bringing the electronic 
computer from a scientific and research tool to 
where it is today, an accepted part of most busi- 
ness operations. The third innovation, integrated 
circuit devices, has not as yet reached a stage of 
development where its impact can readily be as- 
sessed, but it could provide us with such new prod- 
ucts as wristwatch radios, television sets that hang 
on the wall like a painting, and tiny computers to 
control automobiles on the highways. ^ Further- 
more, integrated circuits have the potential to alter 
the entire structure of the electronic industry and 
affect the type and number of people now employed 
init. 

Although all of these innovations are concerned 
with the detection and amplification of electronic 
impulses, semiconductors and integrated circuit 
devices are not simply further refinements of the 
basic vacuum tube. Each of these innovations rep- 
resents not only a new field of science and tech- 
nology, but also involves new concepts in circuit 
design and technology. A transistor ordinarily 

11-46 



cannot be simply substituted for a vacuum tube 
nor an integrated circuit device substituted for 
several vacuum tubes or transistors. Each inno- 
vation is so different in theory and operation that 
a circuit designer or engineer working in one of 
these fields ordinarily cannot function in either 
of the other without retraining. Thus, each of 
these innovations— vacuum tubes, semiconductors, 
and integrated circuit devices — ^is a major scientific 
and teclmological achievement in its own right. 
Each has made possible the development of other 
major new electronic innovations, and each has 
created a major new industry with companies 
founded on a new technology. 

The Vacuum Tube 

The vacuum tube is any sealed device that oper- 
ates by controlling the flow of free electrons in a 
vacuum or gas, and must be ranked as^ one of the 
most significant technological innovations of the 
last 60 to YO years. Not only was it a key element in 
the commercial development of wireless communi- 
cations and radio and television broadcasting, but 
it also became one of the basic cornerstones or the 
entire electronics industry. Considering the im- 
portance of these industries in our economy and 
way of life, the vacuum tube has indeed been an 
important technological innovation. 

Most of the basic research in the vacuum tube 
field was done by individuals such as Edison, 
Fleming, and Richardson, who were concerned 
with the basic phenomena of the flow of the elec- 
trons from a heated wire in an evacuated container 
(see exhibit 1). The prima^ discovery in this 
field was made by De I'orest in 1906, when he in- 
vented the first crude vacuum tube by adding a 
third element, a control grid, to the two-element 
tube previously developed by Fleming. The full 
importance of this discovery was not evident im- 
mediately, but emerged slowly during the next 6 
years as De Forest and Armstrong experimented 
with the three-element /acuum tube and demon- 
strated the feasibility of using it to detect, amplify, 
and generate radio waves. 

The primary impetus to commercial application 
was provided by Langmuir and Arnold in 1913, 
when they developed a high-vacuum tube with the 
reliability and long operating life essential for use 
in commercial wireless transmission and reception. 
This discovery marked the transition of vacuum 
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Exhibit 1. Chronology of the Discovery and Devei*op- 

MBx^T OF THE VaOITUM: TUBB 

B(wio Research and Investigation: 

1880 : Bister and Geibel exper mented with glass bulbs con- 
taining an electrically heated wire and metal plate. 

1883 : Edison discovered that a current flows from the hot 
filament of a light bulb to a plate Inside the bulb 
(“Edison Effect”). 

1901: Richardson published a paper outlining the funda- 
mental theory of thermionic emission. 

1904: Fleming patented a two-element vacuum tube (diode) 
for use as a “wireless valve.” 
inculation Period: 

190G: DeForest developed the first crude vacuum tube 
(triode) by adding a grid to Fleming’s two-element 
tube. 

1912 : De Forest and Armstrong demonstrated the feasibility 
of using a triode to detect, amplify, and generate radio 
waves. 

1913: Langmuir and Arnold developed the high-vacuum 
tube that made possible commercial application of 
vacuum tubes. 

Commercial Development: 

1914 : American Telephone Sc Telegraph Co. obtained rights 
to DeForest’s triode for radio transmission and 
reception. 

1915: The use of vacuum tubes for long-distance radio 
transmission and reception was demonstrated. 
Commercial Growth: 

1920 : Commercial production of vacuum tubes began. 

1920 : A cross-licensing agreement involving the use of basic 
radio and vacuum tube patents was reached among 
A.T. & T., General BPetric, and RCA. 

1921 : Westinghouse also entered into this cross-licensing 
agreement. 

1928 : Zworykin developed the first electronic television 
transmission tube. 

1929 : RCA offered licenses for the manufacture of vacuum 
tubes to any reputable company. 

1941 : The development of radar created a new market for 
high-power vacuum tubes. 

1947 : The emergence of television as a major consumer 
product provided an important new market for the 
cathode-ray type of vacuum tube. 

tube development from a largely individual un- 
dertaldng to one primarily supported by sucli ma- 
jor companies as General Electric and American 
Telephone & Telegraph. These firms continued 
to experiment with vacuum tubes in wireless trans- 
mission and in 1915 their feasibility for long-dis- 
tance radio transmission and reception was suc- 
cessfully demonstrated. 

The first commercial production of vacuum 
tubes began in 1920, when an event occurred which 
undoubtedly contributed substantially to the com- 
mercial development of the vacuum tube industry 
during the next 10 years. After World War I, the 
Federal Government became concerned over the 
attempts by the British Marconi Co. to obtain a 
dominant patent position in the worldwide use of 
vacuum tubes in wireless transmission and recep- 
tion. As a result, the U.S. Navy encouraged the 
establishment of a new company, Radio Corp. of 
America, to acquire and consolidate radio and 
vacui.un tube patents for use in the United States. 
After its establishment, RCA negotiated a cross- 
licensing agreement with A.T. & T. and General 



Electric for the use of basic radio and vacuum 
tube patents in tliis country. The following year, 
Westinghouse Corp., also a major company in the 
field of wireless commmiications, was included m 

this licensing agreement. 

Although these agreemencs did not provide com- 
plete free competition in the field of wureless 
muiiications (since only the four companies had 
access to these patents), they did establish a more 
competitive environment in the industry. Several 
years later, in 1929, the licensing agreement was 
broadened to make these patents available tor li- 
censing to any interested company. This agree- 
ment stimulated a free exchange of technical 
Imowledge in the vacuuni tube field and removed 
any limitations to compotition that existed because 

of patent restrictions. . 

Prior to World War II, the economic growth 
of the vacuum tube field was closely linked to tne 
commercial development of the radio broadcasting 
industry. During the 10 years from 1940-50, three 
major electronic developments ^radar, microwave 
transmission, and television — provided new 
kets for highly socialized versions of the basic 
vacuum tube. The significance of these new ap- 
plications is indicated by the fact that the output 
of conventional vacuum tubes reached a peak in 
1957 at a level of $384 million, and has declmed 
since that time until it stood at a level of only 
$272 million in 1964. However, output of tele- 
vision tubes and high-power vacuum tubes for 
these new applications have continued to increase, 
and their output presently accounts for more than 
60 percent of the total output of the vacuum tube 
industry. 

Semiconductors 

The second major innovation in the field of elec- 
tronic circuitry is the semiconductor.^ To date, 
semiconductor devices — transistors, diodes, and 
silicon controlled rectifiers— have had their great- 
est impact in military and commercial applica- 
tions, particularly in the field of electronic data 
processing. Recently, they have begun to h^e 
their effect on consumer product areas with the de- 
velopment of transistorized radio and television 

sets. 

The semiconductor provides an interesting ex- 
ample for this investigation because of its impact 
on the electronic industry. The development of 
the transistor and other semiconductor devices 
which followed created a new industry dominated 
by such companies as Texas Instruments and Fair- 
child Semiconductors, which evolved out of tliis 
new technology, and by companies such as Motor- 
ola, which originally were in facets of the electron- 
ics industry other than the vacuum tube field. Al- 
though many of the major vacuum tube manu- 
facturers produce semiconductor devices, they 



11-48 



studies: employment impact of technological change 



have not dominated the semiconductor industiy 
despite the obvious advantages they had when this 
new industry was in its early stages of de\ elop- 
ment and growth. 

The development of the transistor and other 
semiconductors contributed to another significant 
change in the electronics industry between 1945 
and 1955. Because of the growth in size and tech- 
nological capability of the industry during World 
War II, companies in this field began to look to 
research and development as a major source of 
new products and competitive advantage. With 
this orientation, the^ electpnic industry has be- 
come accustomed to investing heavily in research 
and development and to risking large sums of 
money to exploit innovations that emerge from 
this intensified research and development effort. 

The discovery and development of semiconduc- 
tors has an interesting chronology (see exhibit 
2) . Early research efforts date back to the 1900’s, 
when semiconductor devices were investigated as 
a means of amplifying radio signals; however, 
these efforts were abandoned when the develop- 

Bxhibit 2. Chronology op the Discovert and Develop- 
ment OP Semiconductor Devices 

Bazic Researdh and Investigation: 

1885: Point-contact rectifiers were discovered and used in 
commercial applications until they were displaced by 
the development of the vacuum tube. 

1930 : The development of selenium and cuprous oxide recti- 
fiers stimulated interest in semiconductor devices. 

1931 : A good theory of semiconductor phenomena was 
published. 

Incubation Period: 

1941 : The silicon and germanium diode were developed for 
use in radnr units. 

1942 : The selenium rectifier was developed. 

1946 : The silicon photocell was developed. 

1947 : Bell Laboratories* research work in solid-state physics 
produced a breakthrough in semiconductor technology. 
Oommercxal Development: 

1948 : Bardeen and Brattaiu developed tho point-contact 
transistor at Bell Laboratories. 

1950: Shockley published Electrons and Holes in Bemicon- 
ductors, a book that presented the theory of semi- 
conductor devices. 

Commercial Growth: 

1951 : Western Electric and Raytheon began commercial 
production of point-contact transistors. 

1952 : Bell Laboratories held a symposium for companies 
interested in obtaining a license to produce transistor 
devices. 

1954: Texas Instruments announced development of the 
silicon-grown junction transistor. 

1955 : The diffusion process for manufacturing transistors 
was developed. 

1956: The Federal Government's antitrust action against 
Western Electric Co. resulted in an agreement to make 
all of Western Electric’s and Bell Laboratories* patents 
available to any company on a royalty-free basis. 

1956: The Department of Defense signed contracts with 
about a dozen private companies to purchase semi- 
conductor devices providing these companies would 
build substantial production facilities for these 
devices. 

1957; The Esaki tunnel diode was developed in Japan* 

1958 : The parametric amplifier was developed* 



merit of the vacuum tube provided an answer to 
this problem. More recent research during W orld 
War II resulted in the development of silicon and 
germanium diodes and selenium rectifiers for use 
in radar and other military electronic equipment. 
These technically are semiconductor devices, but 
are limited in their application and did not pro- 
vide the basis for the development of the semi- 
conductor industry. ( In many respects, they were 
similar to the special synthetic rubbers developed 
in this country during the 1930’s.) 

The primary discovery in this field came as a 
result of research work in solid-state physics con- 
ducted at Bell Laboratories after World War II. 
In 1948, Bell Laboratories announced the develop- 
ment of the point-contact transistor, the funda- 
mental innovation in the semiconductor field. This 
discovery was followed 2 years later by the publi- 
cation of a book by Shockley wliich provided a 
detailed explanation of the complex theory of 
semiconductor devices. From this point, the con- 
version of this basic discovery into a commercial 
product proceeded veiy rapidly. 

Initial manufacturing of semiconductor devices 
began at Western Electric in 1951, and was fol- 
lowed soon thereafter by production at Kaytheon. 
The following year, in 1952, an event critical in 
the development oi the semiconductor industry 
occurred: Bell Laboratories held a meeting at 
which they divulged to about 50 interested com- 
panies the technical knowledge they had developed 
concerning the fabrication and design of semicon- 
ductors. As a result, several companies decided to 
enter the semiconductor field and obtained licenses 
from Bell Laboratories to produce these devices. 
During the next few years, technical developments 
occurred very rapidly, and included the develop- 
ment of new semiconductor devices and manufac- 
turing techniques.^ 

The next major impetus to the developm®t and 
growth of the industry occurred in 1956 with two 
unrelated events that combined to stimulate the 
growth of this industry further. The first was the 
antitrust action instituted by the Federal Govern- 
ment against the Western Electric Co. As a result 
of this suit, an arrangement was reached with 
Western Electric and Bell Laboratories to make 
all their basic patents in the semiconductor field 
available to any interested company on a royalty- 
free basis. This provided an almost free intercom- 
pany exchange of information on semiconductor 
technology, particularly in manufacturing aspects. 

Tlie second event was a decision by the Depart- 
ment of Defense to channel $40 million into the 
semiconductor field during a 3-year period to en- 
large the indujtry’s production capabilities. The 
Defense Department contracted with 12 companies 
to produce a limited number of transistors for mili- 
tary and defense applications on the condition that 
they build production facilities capable of manu- 
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facturing 10 to 12 times the number of semicon- 
ductor devices. By this action, the Federal Gov- 
ernment created a semiconductor production 
capacity of about 1 million units a year; since 
production yields were very low, these contracts 
actually resulted in the creation of a potential 
semiconductor production capacity of more than 
10 million units. Considering that total semicon- 
ductor output at the time was approximately 14 
million units, the Federal Government greatly ac- 
celerated the industiw's growth by providing it 
with an incentive to nnd commercial applications 
for the excess capacity created by these Govern- 
ment contracts. 

By funding most of the research and develop- 
ment work in this field and guaranteeing a market 
for these devices through purchase contracts, the 
Federal Government provided a low-risk invest- 
ment which certainly contributed to the willing- 
ness of companies to enter this new field. Al- 
though the total amount of Government research 
and development funding in the field and its total 
purchases of devices could not be determined, it is 
quite evident that the Federal Government played 
a critical role in accelerating the establishment and 
growth of the semiconductor industry. 

Integrated Circuits 

Integrated circuit devices are the most recent 
major innovation in electronic circuitry. In some 
respects, integrated circuits are a logical extension 
of semiconductors in that both these innovations 
utilize the basic atomic structure of materials to 
control electronic circuits. However, one funda- 
mental difterence exists between semiconductors 
and integrated circuits that makes the latter a ma- 
jor new development in electronic circuit tech- 
nology. In conventional electronic circuits- em- 
ploying either vacuum tubes or semiconductors, 
discrete electronic components are assembled and 
interconnected to form desired circuits, a number 
of which are then assembled and interconnected 
to form an electronic device. However, by using 
integrated circuits, individual components are 
eliminated and the circuit becomes the basic budd- 
ing block to construct electronic equipment. 

Integrated circuits also are a further extension 
of the trend toward smaller, more reliable, and 
lower cost electronic circuitry introduced by semi- 
conductor devices. For example, the reliability 
of integrated circuits is approximately 100 times 
greater than that of circuits made with discrete 
components such as vacuum tubes and semicon- 
ductors; the compactness is approximately 1,000 
times greater than conventional circuitry ; and, al- 
though the cost of these devices is still generally 
quite high, integrated circuits have the potential 
to produce entire circuits at a cost lower than that 



of a single component in a conventional electronic 
circuit. 

The extent of the technological achievemente in- 
volved in the development of intejgrated circuits is 
indicated by the fact that much of the basic theory 
behind these devices was unknown; therefore, a 
considerable portion of the development work w£^ 
accomplished through trial-and-error experi- 
mentation. Furthermore, integrated circuit de- 
vices required the development of an extremely 
complex production technology capable of manu- 
facturing under the high-vacuum conditions 
found in outer space, determining dimensions to 
tolerances measured in light ^ waves, and con- 
trolling the impurities in materials to levels meas- 
ured in parts per billion. 

While the development of integrated^ circuits 
was a major technological advancement in itself, 
these devices are even more important because of 
the impact they could have on the electronics in- 
dustry. This mdustry now is divided into three 
categories of companies— those mass-producing 
standardized electronic components such as vac- 
uum tubes, resistors, and capacitors; those pur- 
chasing these components and assembling them 
into circuit luiits or packages; and those purchas- 
ing these circuits and assembling them to form 
various types of electronic equipment. With inte- 
grated circuits, the circuit becomes the basic build- 
ing blockj with the functions usually performed by 
the individual components an integral part of the 
physical and chemical structure of these devices. 
Because the individual components are no longer 
needed, integrated circuits could eventually elimi- 
nate a portion of the conaponent manufacturing 
segment of the electronics industry. Futhermore, 
conventional components and circuits are normally 
assembled and interconnected manually, but with 
integrated circuit devices the production process is 
such that it must be completely automated. There- 
fore, much of the manual labor now involved in 
the production of electronic circuits may be elimi- 
nated with the increasing use of integrated 
circuits. 

Probably the most outstanding feature of inte- 
grated circuits as far as this study is concerned is 
the rate of technological development of this in- 
novation. At times, major technological advances 
occurred weekly and monthly rather than yearly. 
(The chronology of integrated circuit develop- 
ment is shown in exhibit 3.) 

Initial development work began early in 1959 ; 
by 1961 the first integrated circuits were being 
produced for commercial applications, and one 
company, Texas Instruments, had developed a 
computer employing integrated circuits for the Air 
Force. 

Since the characteristics of integrated circuit 
devices are particularly well suited for military 
and aerospace applications, most of the research 
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Exhibit 3. Chronology of the Discovery and Develop- 
ment OF Integrated Circuits 

BqbIo Research and Investigation: 

1916; Dr, Langmuir proposed the first theory of thin-film 
phenomena. 

1048 : Bell Laboratories announced development of the 
transistor. 

Incubation Period: 

1956: Varo Corp. Instituted a research program to Investi- 
gate integrated circuits. 

1957 : Dr. Brunetti of General Mills and Dr. Stone of Bell 
Laboratories presented papers dealing with the basic 
concepts and theories of integrated circuits. 

1957 : IBM initiated research for the Signal Corps on thin- 
film circuit concepts. 

Commercial Development: 

1958: The Diamond Ordnance Fuse Laboratories developed 
simple integrated circuit devices. 

1958: The Diamond Ordnance Fuse Laboratories developed 
basic fabrication techniques for thin-film circuits. 

1958: Varo Corp. received a contract from the Office of 
Naval Research to accelerate research on integrated 
circuits. 

1959: Texas Instruments announced development of an in- 
tegrated circuit device for use in computers. 

1959 : The Air Research and Development Command awarded 
a major contract to Westinghouse for development 
work on integrated circuit uevices. 

1959: Lincoln Laboratories developed the first thin-film 
computer memory. 

1960: Westinghouse revealed the results of its Air Force 
contract on integrated circuit development. 

1960 : The Air Force awarded Texas Instruments a> contract 
to build a computer employing integrated circuits for 
military use. 

Commercial Growth: 

1961: Fairchild Semiconductors introduced the first inte- 
grated circuit devices for commercial applications. 

1961 : Texas Instruments produced the first integrated cir- 
cuit computer for the Air Force. 

1962 : The Bureau of Naval Weapons initiated a program to 
accelerate the use of Integrated circuits in its 
equipment. 

1963: Westinghouse announced completion of a $5 million 
facility for the production of integrated circuits. 

1963: RCA Laboratories announced a major new technique 
for producing integrated circuit devices. 

1964 : The average price for integrated circuit devices had 
dropped from $90/unit in June 1963, to $14/unit by 
December 1964. 

1964: The use of integrated circuit devices in nonmilitary 
applications, particularly computei.., began to in- 
crease rapidly. 

and development work in this field was financed by 
the Federal Government. The efforts of the Air 
Force and Navy to accelerate the use of integrated 
circuits in their electronic equipment was the pri- 
mary^ impetus behind the rapid rate of progress 
in this field. It has been estimated that Oie Fed- 
eral Government spent more than $100 million on 
itegrated circuit research and development. In 
addition, virtually all of the initial integrated cir- 
cuit production was for military and aerospace 

a OSes. As recently as J anuary 1964, shipments 
e Air Force, Navy, NASA, and the National 
Security Agency accounted for 92 percent of total 
integrated circuit shipments. 

Although there is considerable commercial in- 
terest in integrated circuit devices, particularly in 



the electronic data processing field, commercial ap- 
plications for this innovation have not reached a 
point where their impact can be predicted. How- 
ever, this interest is intensifying as price reduc- 
tions have accompanied increased output. For 
example, the average price for intonated circuit 
devices dropped from $90 per unit in June 1963 
to $14 per unit by December 1964, and the unit 
price is estimated to decline to $9 by the end of 
1965. Judging by the electronic industry’s inter- 
est and investment in this field to date, it is safe to 
predict that uiteOTated circuits will have a signifi- 
cant impact on the industrial and consumer econ- 
omy of this country. 

Conclusions 

A comparison of the economic development of 
these thr^ innovations (shown in exhibit 4) pro- 
vides an interesting insight into some of tne in- 
ternal and external factors that influence this rate 
of diffusion. As this chart indicates, the economic 
development of the vacuum tube industiy follows 
what might be considered a normal growth curve, 
with output increasing slowly during the first few 
years, then accelerating rapidly as new markets 
an.’’ applications increase rapidly, finally stabiliz- 
ing and then declining as the industry reaches 
maturity and new innovations make inroads into 
these markets and applications. 

In contrast, the economic development of the 
semiconductor industry has occurred at a much 
more rapid rate, being almost a linear rate of 
growth during the first 10 years of its existence. 
It required 32 years for the vacuum tube industry 
to attain a level of output of $500 million, whereas 
the semiconductor industry reached this level in 
less than 8 years. The primary reason for this dif- 
ference in the rate of commercial development is 
that the initial period of gradually increasing 
growth in the semiconductor industry was so brief 
that it was almost nonexistent. A further com- 
parison of differences in the rates of commercial 
growth is shown in exhibit 5, which shows the 
lapsed time for each of these innovations to reach 
the various economic levels used as reference points 
in this study. 

A comparison of the relative rate of commer- 
cial growth shown in this chart indicates that dur- 
ing the early stages (up to 0.05 percent of GNP), 
the rates of growth for vacuum tubes and semi- 
conductors were almost identical. However, be- 
yond that point, the rate of commercial growth 
for semiconductors was considerably faster, reach- 
ing 0.10 percent of GNP in 9 years versus 23 for 
vacuum tubes. No doubt the depression of the 
1930’s had a substantial retarding effect on the 
growth of the vacuum tube industry, but four 
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Exhibit 4. The Commeethal Growth of Major Teohnologicai, Innovations in the Eleotbonics Field 



$Million8 




Exhibit 5. A Comparison op the Rate op Commercial 
Growth por Technological Innovations in the 
Field op Electronic Circuitry 
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other factors also contributed to the more rapid 
rate of growth of the semiconductor industiw: 

1. The Federal Government created an artificial 
market of substantial proportions for semicon- 



ductor devices to encourage a rapid increase in Pro- 
duction capacity; in comparison, vacuum tubes 
had to await the commercial development of wire- 
less transmission and radio broadcasting to create 
a market for this innovation. 

2. By 1951, the electronics industry had reached 
a point in its economic growth where companies 
were firmly established and had the financial re- 
sources to invest heavily in this new technology; 
whereas in 1920, the electronics industry was m 
its infancy and the companies in the field were 
small, with limited financial resources to invest. 

3. Much of the basic research and devel^ment 

work on semiconductor devices was funded by 
the Federal Government, while most of the re- 
SBarch and dBVBlopment work on vacuum tubes 
was undertaken by individuals and private com- 
panies. , . , , 

4. Almost unrestricted access to basic patente 
and technical knowledge characterized the semi- 
conductor field, whereas patent restrictions placed 
some limitations on the availability of toclinical 
knowledge in the early years of the vacuum tube 
industiy. 
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^ Although it is impossible to assign specific rela- 
tive values to the contribution which each of these 
factors made to accelerating the economic OTowth 
of the semiconductor industry, it appears that the 
first two — the creation of an artificial market 
for th^e devices by the Federal Government and 
the ability and willingness of the electronics in- 
dustry to invest in new innovations — were the most 
significant in accelerating this rate of diffusion. 

A comparison of the rate of commercial growth 
of integrated circuits with the other two iimova- 
tiops would have provided an interesting oppor- 



tunity to verify that the rate of diffusion of t^h- 
nology in the electronics industry is increasing. 
Unfortunately, ^ integrated circuits have not 
reached a point in their commercial growth where 
valid comparisons can be made. However, the 
absolute economic measure of commercial growth 
indicates that, at least m the very early ^ages, the 
rate of diffusion for semiconductors and integrated 
circuits was about ecjual. It would be interesting 
to update this data in 5 years or so to determine 
if there has been any increase in the rate of diffu- 
sion during the last 10 to 15 years. 



2. Major Technological Innovations in the Field of Synthetic Materials 



, This portion of the study is concerned with an 
j investigation of major technological innovations 
I in the field of synthetic materiSis. The innova- 
I tions include synthetic fibers, synthetic rubber, 

I synthetic leather, and synthetic resins (plastics 
, other than fibers). In combination, these four in- 
I novations supply a unique insight into several 
I different aspects of the process of technological 
I discovery, development, and diffusion : 

I 1. Since each of these developments evolved 
I from the chemical industry and had a number of 
similar technical and economic characteristics 
(e.g., high levels of capital mvestnaent in plant 
I and facilities and complex production technolo- 
I gies), but occurred in different time periods, they 
I provide an opportunity to determine if the rate 
I of technologic^ development and diffusion is ac- 
( celerating in the chemical industry. 

I 2. Since the development and marketing of syn- 
1 thetic rubber was completely financed and con- 
I trolled by the Federal Government, whereas the 
I other developments were privately financed and 
I controlled, they provide an opportimity to evaluate 
I the effect of expenditures of public funds on the 
I rate of technological development and diffusion. 

I 3. They provide an opportunity to compare the 
I decree to which direct versus generalized research 
I objectives bear on the rate of technological de- 
I velopment and diffusion since synthetic resins il- 
I lustrate the generalized development approach 
and the other three were quite specific in 
orientation. 

I Each of these innovations represents a success- 
I ful effort by the chemical industry to develop and 
I manufacture a synthetic product to capture a sig- 
I nificant segment of a large natural materials mar- 
I ket. A primary incentive to the development of 
I each of these synthetic raw materials was provided 
I by the wide fluctuations in the quality and price 
I of the natural materials. However, there is one 
I primary difference in this regard. The natural 

j counterparts of synthetic fibers, rubber, and 

j leather are directly identifiable, whereas synthetic 
resins affected a broad spectrum of materials — 
wood, paper, glass, rubber, fabrics, and metals. 
Despite their similarities, the development of each 
of these synthetic materials was influenced by dif- 
' ferent sets of considerations which are discussed 
individually here. 



Synthetic Resins (Plastics) 

Synthetic resins (plastics) occupy a unique 
niche in the industrial economy of our country in 
that they are actually “families” of chemicals 
(e.g., polyvinyl chlorides, styrenes, epoxi^, poly- 
ethylenes, polypropylenes, etc.) which in turn 
are composed of various formulations and com- 
pounds that have different physical characteristics 
and applications. Furthermore, these synthetic 
resins can be combined with other materials such 
as fiber glass and asbestos to form materials with 
unique ^ysical properties. 

Because of these properties, plastics have suc- 
cessfully invaded the markets for glass in bottles 
and window panes; for wood in toys and TV cabi- 
nets; for metal in machine partSj small boats, 
and automobile bodies; for paper in packaging; 
and in many other consumer and industrial prod- 
uct areas. The unique properties of inany of these 
synthetic resins have also created applications such 
as high strength adliesives (epoxies) capable of 
bonding almost anything to anything, water re- 
pellent coating (silicones), and lightweight ther- 
mal insulation (foamed polystyrene), none of 
which had existed previously. Because of the 
widely diversified applications of synthetic resins, 
this field has grown rapidly during the last 20 
years until it now has become a major industry 
with an output of $2.4 billion in 1964. There are 
three major resin families that account for more 
than 60 percent of industry output: 

1. Polyvinyl chloride copolymers. Poly- 
vinyl plastics rank third in the synthetic resm 
industry, representing 11.5 percent of total pro- 
duction value. Flexible polyvinyl chloride' ac- 
counts for the bulk of the usage, and includes 
soles for shoes, raincoats, and dolls, .^though 
the resin has historically been lower priced than 
polyethylene, PVC has been more difficult to mold, 
resulting in higher production costs. It has found 
extensive application in product areas that utilize 
its properties of abrasion resistance, resistance tx) 
chemical attack, and physical strength in rigid 
forms. Rigid forms of PVC, introduced about 10 
years ago, are now widely accepted for pressure 
piping applications, handling of corrosive liquids, 
and building products. Its unique self-extin- 
guishing property may provide a large market 
m house siding applications. 
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2. Styrenes. The styrene family of plastics ac- 
counts for 15 percent of total industry produc- 
tion. Styrenes are not only used by themselves 
but in such a variety of compounds and formula- 
tions that it is impossible to generalize about their 
properties and uses. For example, styrene is a 
component of Buna-S rubber; impact pmystyrenes 
are commonly used in refrigerator door linings and 
luggage; heat resistant polystyrenes in small radio 
cabmets; ABS (acrylonitrile-butadiene-styrene) 
in automotive instrument panels^ and telephone 
sets; and foamed polystyrene in picnic jugSj cush- 
ioned packaging, and as insulating material m pre- 
fabricated wall panels for construction aj^lica- 
tions. The growing uses of styrene are reflected 
by the fact that production of this material in- 
creased 22 percent from 1963 to 1964. 

3. PdlyetTiylenes.^ Polyethylene (a member of 
the polyolefin family) is the newest of the big 
three resins, having been introduced commercially 
in 1941. It accounted for 2.6 billion pounds and 
$468 million of 1964 synthetic resin production, 
respectively 26 and 19.5 percent of industry totals. 
Because polyethylene can be tailored to obtain de- 
sired characteristics, its applications are diverse, 
ranging from consumer goods such as blow-molded 
bottles to industrial goods like wire and cable 
coatings. 

The technical history of synthetic resins dates 
back to the 1830’s (see exhibit 6) with a number 
of important chemical discoveries in this field 
being made during that decade. Most of the re- 
seardi and development work in plastics during 
the subsequent 60 years was concentrated in devel- 
oping methods for manufacturing sjmthetic ver- 
sions of natural materials (rayon and celluloid) 
using cellulose as the basic raw material. (Since 
cellulose is not a basic chemical but rather a chem- 
ical compound that is the essential constituent of 
wood, these are not true synthetic materials.) 

The first synthetic plastic, a phenol-fonnalde- 
hyde resin, was discovered by Baekeland in 1907, 
and became commercially available 3 years later, 
with 1910 marking the beginning of the plastics 
industry. During the next 15 to 20 years, further 
technical developments in the field were sporadic, 
largely the result of much trial and error in chemi- 
cal research. 

Both technical and commercial development in- 
creased substantially during the 1920’s because of 
three events: 

1. Baekeland’s basic patents expired and permit- 
ted other companies to enter the field of phenol- 
formaldehyde resins. 

2. Several new plastics were developed and in- 
troduced, including the alkyd resins, the urea- 
formaldehydes, and the polyvinyl chlorides. 

3. Basic research was begun on the structure of 
complex chemical compounds. 



Exhibit 6. Chbonoloqt of the Discoveby and Deveit 
opMENT OF Synthetic Resins 

Baato Research and InvetUgation: 

1881: The styrene monomer was first isolated. 

1833 : Braconnot (and Schoenbein in 1845) made discoveries 
relating to preparation of ceUuIose nitrate. 

1834 : Liebig described melamine. 

1838 : Regnault prepared vinyl resins. 

1839 : Simon polymerized styrene. 

Inouhation Period: 

1855: Farkes and Spill prepared various artides from a 
solution of cellulose nitrate and camphor. 

1865 : Schutzenberger undertook basic research on the prepa- 
ration of cellulose acetate. 

1868 : J. W. Hyatt produced celluloid, the first commercial 
plastic. 

1868: Merrick obtained patents on shellac molding com- 
positions. 

1869 : The Hyatt brothers obtained a patent for making solid 
collodion. 

1869 : Berthelot prepared synthetic styrene. 

1870 : The Albany Dental Plate Co. was organized to pro- 
duce and sell celluloid. 

1871 : T' . t ^illulold Manufacturing Co. succeeded the Albany 
Dentc’< Fkte Co. as many unexpected uses for ceUuloid 
ut ck 

1872: Baeyer i..„ ^rted the formation of resinous products 
from the reaction between phenol and aldehydes. 

1890: Eraemer and Spilker did basic work on coumarone- 
indene resins. 

1901 : Bohm did basic work on acrylic resin plastics. 
Commercial Development: 

1907 : Baekeland discovered bow to control the phenol-alde- 
hyde reaction and began to produce a phenol-formalde- 
hyde resin, the first tiiermosetting plastic, on a 
laboratory scale. 

1909 : Baekeland obtained a patent on bis discovery. 
Commercial Growth: 

1910 : The General Baekelite Co. was formed to produce and 
market phenol-formaldehyde resins. 

1911 : Matthews obtained a patent on preparation of poly- 
styrene. 

1920 : Hanns John obtained a patent on urea-formaldehyde 
resins. 

1926: With expiration of Baekeland’s basic patents, many 
firms began to produce phenol-aldehyde resin. 

1928 : Carothers began fundamental studies of the structure 
of substances of high molecular weight 

1928 : The first commercial vinyl plastics were marketed. 

1934 : The injection of molding of plastics was introduced. 

1936 : Acrylic resin sheets (e.g., Plexiglas) were introduced 
commercially. 

1937: Polystyrene was introduced commercially. 

1941 : Polyethylene was introduced commercially. 

1948: Nylon was introduced for molding composition use 
after being introduced as a fiber in 1938. 

1945 : Tetrafluorethylene polymers (e.g., Tefion) were intro- 
duced commercially. 

The development of new plastics during the 
1920’s stimulated work in fabrication technology 
for these materials, with the first injection mold- 
ing machines being imported from Germany in 
1934. During the next 5 years, further develop- 
ments in fabrication techniques produced transfer 
molding, flexible membrane molding, jet molding, 
and dry extrusion molding. Additional improve- 
ments were also made on earlier fabrication tech- 
niques which produced more automatte machine 
operation and larger molding capacities. This 
fabrication technology has been an important f ac- 
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tor in the growth of the synthetic resins industry 
because it has provided low-cost manufacturing 
techniques that have enabled plastics ^ invaae 
many markets where costs are a critical factor. 

As indicated previously, the field of synthetic 
resins includes a large number of different resins. 
Only six of these have ever achieved the 5})1U0 
million level of annual output, and they currently 
account for two-thirds of the industry production. 
It is interesting to note that those resins ^intro- 
duced earliest took the longest time to reach this 
level of output, and those introduced most recently 
have reached these levels fast^. This phenom- 
enon is illustrated in exhibit 7, which mdicates 
that each of the three largest synthetic resms 
has grown more rapidly than its predecessor. 

Exhibit 7. Commercial Development op the Three 
Most Important Plastic Resins 



Production 
value, 19C4 
(millions) 


Resin family 


Year in- 
troduced 
commer* 
dally 


Lapsed time (years) to 
reach level of output 


$50 

million 


$100 

million 


$250 

million 


$277 

362 

471 


Polyvinyl chloride and 
copolymers. 

SfirrAnA^ 


1028 

1937 

1041 


17 

11 

11 


21 

13 

13 


35 

22 

17 







thetic fibers since they were made from the same 
raw material as natural fibers. Nylon, the first 
synthetic textile fiber, was a true synthetic mate- 
rial since it was completely synthesized from basic 

chemicals. . , i * 

The basic research, commercial development, 
and market development of synthetic fibers was 




Basic research and investigation in the field began 
in 1928 when the Du Pont Co. established a re- 
search program to investigate the fundamental 
nature of polymers and other complex chemicals. 
One result was the accidental discovery ot a series 
of polymers that could be formed into fiberlike 
strands. Basic research was continued and, m 
1935, a polymer called “66” (later named Nylon) 
i synthesized in Du Pontes laboratory. Poly- 



was 



This suggests that much of the initial industry 
development is past and the industry’s research 
and development efforts are now focused on specinc 
objectives rather than hit-or-miss development. 
New formulations are increasingly the result of 
directed efforts to produce resins with predeter- 
mined characteristics. Moreover^ the commercial 
potential of these new formulations can now be 
better assessed and more vigorously promoted than 
in the past. Current development efforts, reflect- 
ing this attitude, are directed toward development 
of materials (such as polycarbonates) that hpe 
excellent wear resistance, dimensional stability, 

and heat resistance. ^ 

As an industry, synthetic resms manufacturers 
range widely from large chemical ^d petroleum 
companies to small firms. Competition is i^ense 
with only a limited amount of protection offered 
by patents and trade secrets. The variety and ease 
with which new formulations may be developed 
from the basic raw materials probably accounts 
for the large number of small companies in the 
field. Another important factor is the relatively 
small capital investment^ required to enter the 
formulating portion of this industry. 

Synthetic Fibers 

Although synthetic natural fibers in the form of 
rayon and acetate fibers had been in production 
since 1891, these materials are not considered syn- 



mer 66 exhibited sufficient promise as a synthetic 
fiber so that Du Pont accelerated development 
work to produce a commercial synthetic fiber. 
This effort was successful in the laboratory in 1937, 
and Nylon was formally introduced to the public 
the following year. It is estimated that during 
this period Du Pont invested $2 million on the re- 
searffii and development that produced the first 
synthetic fiber. 

During the first 12 years of the economic 
growth and development of synthetic fibers (1939- 
51), Du Pont was the only manufacturer of syn- 
thetic fibers because it had exclusive control of 
product and process patents. During this same 
period, Du Pont also introduced two other new 
synthetic fibers, Orion and Dacron, which further 
increased the company’s dominance of the syn- 
thetic fiber industry. This control was partially 
relinquished in 1951 when Chemstrand was 



resulted in Du Pont a^eeing to license Nylon pate 
ents to all interested companies at reasonable 
royalties. Since that time, several complies have 
entered the synthetic fiber field in competition with 
Du Pont. 

Synthetic Rubber 

Synthetic rubber is more than another ^ample 
of a successful effort on the part of the chemical 
industry to displace natural materials with syn- 
thetic materials. In addition, a number of aspects 
of its discovery and development are unique and 
of considerable interest to tMs investigation. For 
example 

— Synthetic rubber was technologically feasible many 
years before economic and market considerations 
warranted the exploitation of this innovation in 
the United States. 
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r .niBiT 8. Chkonoloqy of the Discx)veb5: and Develop- 
ment OP Synthetic Fibers 

Basic Research and Investigation: 

1884 : Chardonnet produced tbe first commercial rayon fiber 
from nitrocellulose. 

1891 : The commercial production of rayon began In France, 

1911 : Commercial production of rayon began In the United 
States. 

1928 : Du Pont initiated a basic research program Into the 
fundamental nature of polymers and other chemical 
compounds. 

Jnculation Period: 

1930 : Du Pont research laboratories discovered a polymer 
that could be formed into a fiberlike material with 
some textile properties. 

1931 : Dr. Carothers and Dr. Hill presented a paper describ- 
ing the results of Du Font’s research In this field. 

1934 : Continued research by Du Pont was successful in pro- 
ducing a number of synthetic polymers with sufficient 
promise to warrant increased effort in the field of syn- 
thetic fibers. 

1935: Polymer 66 (later called Nylon) was synthesized in 
the laboratory. 

Commercial Development: 

1936: A substantial development program was undertaken 
to produce a commercial synthetic fiber material from 
Polymer GO. 

1937: Nylon was produced in the laboratory in sufficient 
quantity to permit experimental manufacture of wom- 
en’s hosiery. 

1937 : Process development was completed. 

1938 : Nylon was officially announced to the public. 

1938: A pilot plant for the production of Nylon was com- 
pleted and put into operation. 

^^ommercial Growth: 

1939 : A full-scale plant for producing Nylon was constructed 
and production began. 

1940 : Nylon hosiery was first Introduced to the consumer 
market. 

1941 : A second plant for producing Nylon was placed in 
operation. 

1948 : A new synthetic acrylic fiber, Orion, was developed by 
Du Pont. 

1949 : A new synthetic polyester fiber. Dacron, was developed 
by Du Pont. 

1950 : Orion was first marketed commercially. 

1951 : Chemstrand was licensed to manufacture Nylon yarn 
under the Du Pont patents. 

1952 : An antitrust suit by the Federal Government resulted 
In an agreement by Du Pont to license the patents to 
all Interested companies at reasonable royalties. 

1953 : Dacron was Introduced commercially. 

1053 : American Enka was licensed by Du Pont to manufac- 
ture Nylon yarn. 



— ^The primary impetus for the establishment and 
growth of the synthetic rubber industry in this 
country was not based on normal economic and 
market forces but rather on an artificial shortage 
of natural rubber created by World War II. 

— The entire synthetic rubber industry in this coun- 
try was created, built, and owned by the Federal 
Government (from 1940 to 1955) and, for the first 
5 years of its existence, most of the output of this 
industry was purchased by the Federal Government 
for military use. 

Synthetic rubber has a Ion" history of scientific 
investigation, -with most of the basic chemical re- 
search being done during the last half of the 19th 
century and the first decade of this century (see 



exhibit 9) . The first commercial process for pro- 
ducing^ synthetic rubber was developed and pat- 
ented in 1910. However, there was very little 
economic incentive to foster the development of 
synthetic rubber because no great market for rub- 
ber existed at that time. 

The initial impetus to the development of syn- 
thetic rubber was provided in Germany during 

Exhibit 9. Chbonoloqy op the Discovery and Develop- 
ment OP Synthetic Rubber 

Basic Research and Investigation: 

1826 : Faraday made the first chemical analysis of natural 
rubber. 

1860: Isoprene was Isolated as the basic chemical com- 
ponent of natural rubber by G. Williams. 

1887 : Wallach first produced a crude form of synthetic 
rubber in the laboratory. 

1908 : A British firm, Strang and Graham, Ltd., undertook 
a research program to develop a commercial process 
for producing synthetic rubber. 

Inculation Period: 

1910 : A process for producing synthetic rubber was patented 
In England and Germany. 

1911 : Two American firms initiated research programs 
aimed at the development of a commercial synthetic 
rubber. 

1915: The British blockade forced Germany to develop 
and manufacture a synthetic rubber that was unsat- 
isfactory as a replacement for natural rubber, 

1922: J. C. Patrick developed a specialized form of syn- 
thetic rubber called Thiokol. 

1926: The German Government instituted a program of 
synthetic rubber development to make it independent 
of natural rubber supplies. 

1928: The basic emulsion process for producing synthetic 
rubber from butadiene was perfected. 

1931 : Du Pont announced development of a new special- 
purpose synthetic rubber called Neoprene. 

1933: The first truly commercial synthetic rubbers (Buna 
S and Buna N) were developed and patented In 
Germany. 

Commercial Developmeyit: 

1934: Pilot plant production of synthetic rubber began In 
Germany. 

1939: Standard Oil Development Co. obtained rights to 
the German patents, Initiated pilot plant production 
of synthetic rubber in the United States, and an- 
nounced construction of a full-scale production plant. 
Commercial Growth: 

1940 : Standard Oil Co. of New Jersey announced develop- 
ment of a butyl synthetic rubber. 

1940 : The Federal Government created the Reserve Rubber 
Company to manufacture synthetic rubber and coordi- 
nate its use for military and commercial purposes. 

1941: The Federal Government authorized construction of 
four synthetic rubber plants. 

1942: The Federal Government authorized expansion of 
synthetic rubber capacity to 400,000 tons and then 
to 800,000 tons. 

1946: The Interagency Committee on Rubber Issued a report 
outlining a national policy concerning the Govern- 
ment’s ownership of synthetic rubber production fa- 
cilities. 

1948 : The Rubber Act of 1948 extended the Government’s 
ownership of these facilities. 

1955 : The Government-owned synthetic rubber plants were 
sold to private Industry. 

1955: The development of *’true” synthetic natural rubbers 
(polylsoprene and polybutadiene) was announced. 

1965 : Production of these new synthetic natural rubbers 
began. 
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V/orld War I. The British naval blockade cut 
off the German supply of natural rubber and 
forced them to develop synthetic rubber materials. 
Although synthetic rubber was actually produ^d 
in Gei-many during World War I and used for 
militai’y purposes, this material was not a com- 
mercially acceptable substitute for natural rubber. 
After World War I, interest in the development of 
0; commercial synthetic rubber became dmmant 
because the growing output of natural mbber re- 
duced prices to a level where the production oi 
synthetic rubber was considered to be uneconomi- 
cal 

A second and more significant impetus to the 
development of a process for producing synthetic 
rubber was provided during the 1930’s by a combi- 
nation of two factors; . 

1. The growth of the automobile industry cre- 
ated a rapidly expanding market for natural rub- 
ber that caused rubber prices to increase rapidly. 

2 The German Government reached a decision 
to become self-sufficient in the supply of critical 
raw materials (including rubber) that came from 

sources outside of its borders. . • n 

These two factors again created interest in vjrer- 
many and the United States in the development 
of a commercial synthetic rubber. However, the 
German efforts were more successful and, 
a German chemical firm developed and patented 
two synthetic rubbers (Buna N and Buna b) that 
could be substituted for natural rubber in most 
applications. Pilot plant pro^ction of tli^e 
synthetic rubbers was begun in Germany in 1934: 

and in Russia shortly thereafter. , o, , 

Interest in synthetic rubber in the United btates 
was largely dormant during this period, although 
two special-purpose synthetic rubbers with limited 
commercial applications were developed and put 
into production during the 1930’s. The extent of 
this country’s lack of interest in synthetic mbber 
prior to the start of World War II is indicated by 
the fact that in 1939, 1,750 tons of special-purpose 
synthetic mbber were produced m the United 
States as compared to a world production of more 
than 100,000 tons. Commercial interest m syn- 
thetic rubber in this country did not develop until 
1940, when Standard Oil Co. of New Jersey ob- 
i tained the patent rights to the German processes 
' for producing synthetic rubber and started con- 
stmction of facilities for manufacturing these 

synthetic mbbers. , . . i 

Although Standard Oil Co.’s decision to produce 
synthetic mbber was made on basic economic and 
competitive considerations, the real growth^ the 
industry resulted from the outbreak of World 
War n in Europe and the subsequent involvement 
of the United States in that war. In 1940, a cnti- 
cal analysis was made of the vulnerability of the 
U.S. supply of natural rubber and the cntical 
nature of this commodity in the event of a war. 
20ft-764— 66— vol. II 5 



As a result of this report, the Federal Government 
created the Reserve Rubber Co., to manufacture 
synthetic mbber and coordinate its sale and use 
for military and commercial applications. 
Shortly thereafter, the Government authorized 
constmction of four synthetic mbber and raw ma- 
terial plants. The result of these actions by the 
Federal Government was to increase synthetic 
rubber production fi’om 22,000 tons m 1942 to 
232,000 tons in 1943, and to 764,000 tons by 1944. 

With the end of World War II and the elimina- 
tion of the artificial demand for rubber it created, 
production of synthetic mbber declined substan- 
tially. During this postwar period, the federal 
Government continued its ownership of the syn- 
thetic rubber and raw material plants until a work- 
able program of disposing of them wuld be de- 
veloped. Public ownership of the entire synthetic 
rubber industry continued until 195o, when the 
Federal Government finally sold its synthetic rub- 
ber and raw material plants to private companies. 

As a private industry, the synthetic mbber m- 
dustry continued to grow rapidly. In the 10-year 
neriod from 1955 to 1964, the output of synthetic 
rubber increased almost 50 percent, from nearly 
900,000 tons in 1955 to 1,310,000 tons m 1904. A 
further stimulus to the continued growth of the 
industry occurred in 1955 when two new synthetic 
rubbers — polyisoprene and polybutadiene, true 
synthetic versions of natural rubber— were devel- 
oped. The significance of their development lies 
in tlie fact that previous synthetic rubbers had to 
be blended with a certain amount of natural rub- 
ber in order to obtain the desired characteris^cs 
in tires and other large mbber applications; be- 
cause of this, the output of synthetic rubber was 
limited to about 60 percent of the total consump- 
tion of rubber in this countm. 

With the development of true synthetic rub- 
bers, the use of natural mbber in tires and other 
maior applications can be virtually eliminated. 
As a result, the output of synthetic rubber has 
increased to where it now accounts for about 75 
percent of total rubber consumption. In the 
future, as more production plants for producmg 
these new synthetic mbbers are put in operation, 
synthetic rubber is expected to displace natural 
rubber in most applications and thereby cause 
further expansion of the synthetic mbber mdustry. 

Synthetic Leather 

Synthetic leather is the most recent technologi- 
cal innovation in the field of synthetic materials 
and, in many respects, it is a greater technological 
achievement. Because leather, unlike fibers or 
rubber, is not a homogeneous material but is 
posed of a number of separate layers with differ- 
ent characteristics, it presented a far more com- 
plex problem. In addition, developmg synthetic 
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leather was not primarily a problem of chemical 
synthesis, as in the case of the other synthetic ma- 
terials, but rather a major chemical engineering 
accomplishment that r^uired combining a num- 
ber 01 layers of existing materials in a unique 
manufacturing process. 

Although synthetic leather is such a recent in- 
novation (introduced commercially in 1964) that 
the changes it will produce are not evident as yet, 
it could have an important impact on the leather 
and shoe industries. Because synthetic leather is 
a homogeneous product with controlled physical 
and chemical properties, it will make possible the 
automation of shoe and other leather product 
manufacturing. A change in production methods 
could have important economic effects on the 
present $700 million market for natural leather, 
the structure and geographical location of the shoe 
industry, and the number and type of workers that 
will be employed in that industry. 

For the purposes of this investigation, synthetic 
leather provides an opportunity to evaluate the 
changes that have occurred in the rate of develop- 
ment of technological innovations during the last 
25 years. Synthetic fibers and synthetic leather 
were both developed by the Du Pont Co. with no 
outside research or development assistance from 
other companies or the Federal Government. Both 
of these innovations also penetrated large, well-es- 
tablished consumer product markets. However, 
since their development occurred 25 years apart, 
t'‘.8y provide an interesting opportunity to compare 
the rate of development and diffusion for these two 
time periods. Unfortunately, the economic growth 
and development of synthetic leather has not pro- 
gressed to a point where a meaningful comparison 
can be made of their rates of diffusion, but it is 
possible to contrast their rates of development. 

Ver'^ little detailed information is available con- 
cerning the chronology of synthetic leather de- 
velopment (see exhibit 10) since it is a recent 
innovation and occurred completely within the 
Du Pent organization. It is known that a basic 
research program in synthetic leather was initiated 
at Du Pont late in the 1930’s and continued for 
some 20 years, with a temporary suspension of this 
effort during World W ar II. In 1950, the develop- 
ment of two new chemical materials, urethane com- 
pounds and polyester fibers, made the production 
of synthetic leather appear technically feasible, 
and Du Pont’s development efforts in this field 
were accelerated. The basic chemical problems 
deling with the synthetic leather were resolved by 
1958, but the more difficult manufacturing and en- 
gineering problems remained. Laboratory pro- 
duction of synthetic leather was achieved the fol- 
lowing year, with pilot-plant production initiated 
by Du Pont in 1960, followed by construction of a 
full-scale production plant 2 years later. 



Exhibit 10 . Chronolout of the Discovert and Develop- 
ment OF Stnthetio Leather 

Inoulation Period: 

1938 : Research was begun at Du Pont on the basic structure 
of leather and methods of producing a synthetic ma- 
terial from chemical products. 

1941: Kesearch was discontinued during World War II. 

1946: Synthetic leather research was resumed at Du Pont 
hut was largely unsuccessful. 

Commercial Development: 

1950 : The development of urethane compounds and polyester 
fibers provided new materials that made synthetic 
leather appear technically feasible. 

1955: Du Pont decided to accelerate development work on 
synthetic leathers. 

1958 : Chemical problems had been resolved hut major pro- 
duction engineering prohlema remained. 

1959 : Synthetic leather was produced in the laboratory and 
preliminary product testing was started. 

1960 : Pilot-plant production of synthetic leather was started 
at Du Pont. 

1962 : Du Pont authorized construction of a full-scale pro- 
duction plant at Old Hickory, Tenn. 

Commercial Growth: 

1964 : Du Pont’s synthetic leather, Corfam, was first mar- 
keted to the shoe industry. 

1965 : Du Pont’s Old Hickory plant for manufacturing syn- 
thetic leather went into production. 

The commercial exploitation of Du Pont’s syn- 
thetic leather (trademarked ‘Corfam’) provides 
an interesting contrast to the widespread com- 
mercial exploitation of synthetic rubber. Because 
the basic patents and production knowledge were 
the exclusive property of Du Pont, the initial 
marketing of synthetic leather was closely con« 
troUed to maximize the company’s return on its 
$25 million investment in the research and develop- 
ment of its innovation. To achieve this objective, 
Du Pont limited the initial use of synthetic leather 
to higher priced shoes. Besides allowing a greater 
margm of profit, this strategy i? expected to per- 
mit synthetic leather to gain consumer acceptance 
as a “quality” product that should increase its 
marketability in less expensive applications when 
Du Pont’s production capability permits the ex- 
ploitation of these markets. From^ Du Pont’s 
viewpoint, this tight control on the initial intro- 
duction 01 synthetic leather is very desirable, but 
such a marketing strategy will undoubtedly inhibit 
the rate of diffusion of this innovation. 

Conclusions 

As indicated previously^ two innovations, syn- 
thetic fibers and synthetic rubber, provide an 
unusual opportunity to examine^ the effects of 
Government funding in accelerating the rate of 
teclmological development and diffusion. Syn- 
thetic fibers presents one ertreme in that the entire 
development and commercial exploitation of syn- 
thetic fibers was controlled by the Du Pont organi- 
zation. It is estimated that Du Pont invested $15 
million in the research and development of their 
three synthetic fibers and an estimated $400 mil- 
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lion in plant and equipment for producing them 
through 1951, when licensing agreements \7ere 
signed enabling other companies to enter the syn- 
thetic fiber field. The role of the Federal Govern- 
ment in the development and diffusion of this 
innovation w-is limited to requisitioning the entire 
output of the synthetic fiber industry during 
World War II for wartime uses and filmg an 
antitrust suit against Du Pont which resulted in 
an agreement in 1952 to make the Nylon fiber 
patents available to other companies. 

On the other hand, the development and com- 
mercial exploitation of synthetic rubber presents a 
complete contrast in that the entire industi^ ^ 
this country was financed and owned by the 
eral Government. Even much of the basic research 
and development work was financed by public 
funds during World War I and in the 1930’s 
when the German Governmejit developed a com- 
mercial synthetic rubber to be independent of nat- 
ural rubber supplies. 

The extent of the Federal Government’s par- 
ticipation in the development of the synthetic 
rubber industry in this countrywas almost unprec- 
edented. At the start of World War II m 
Europe, this country did not have a synthetic 
rubber industry except for two companies that 
were producing specialized synthetic rubbers. 
When the vulnerability of this country’s rubber 
supply became evident, the Federal Government 
undertook a crash pro^am to create a synthetic 
rubber industry here. During this war period, the 
Federal Government financed research work on 
synthetic rubber process and product development, 
built the synthetic rubber plants and the plants 
for producing the required raw materials, and con- 
tracted with private companies to operate these 
plants. In addition, the Government purchased 
virtually all of the output of these plants for mili- 
tary use. It is estimated that the Federal Gov- 
ernment’s total investment in the synthetic rubber 
industry amounted to $40 million for research and 
development and $700 million for production 
plants and facilities. ..... 

There is a remarkable number of similarities 
between synthetic fibers and synthetic rubber as 
innovations— they both originated as commercial 
products at approximately the same time, the in- 
vestments in research and development were com- 
parable ($15 million for synthetic fibers versus 
^0 million for synthetic rubber), and the total 
capital investment in plant and equipment for the 
period through 1955 is almost equal ($750 million 
for synthetic fibers and $700 million for ^nthetic 
rubber) . As a result, they provide an insight into 
the extent to which the rate of technological de- 
velopment and diffusion can be accelerated if the 
Federal Government assumes most of the risk in- 
volved in investing m an innovation rather than 
waiting for private industry to do so. As exhibit 



11 indicates, the growth of synthetic fibers follows 
what could be considered to be a normal growth 
curve — increasing very slowly at first,,like that of 
the synthetic resin industry, and then gradually 
accelerating. On the other hand, the ^onomic 
growth of the synthetic rubber industry is almost 
unbelievable, increasing from $27 million in 1942 
to $156 million in 1943, and to $354 million in 
1944 — a thirteenfold increase in 2 years. A com- 
parison of the time required for each of these 
innovations to attain the various levels of eco- 
nomic development is shown in exhibit 12. 

Comparison of the growth of the synthetic fiber 
and rubber industries graphical^ demonstrates 
the ixtent to which the Federal Government can 
accelerate the economic growth of innovations by 
assuming some or all of the investment risk. For 
example, with Government financing, the syn- 
thetic rubber industry attained a level of output 
of $250 million in less than 3 years, whereas it re- 
quired more than 10 years for the synthetic fiber 
industry to reach this same level of output under 
private fiiiancing. Exhibit 12 also demonstrates 
the impact which the Federal Government can 
have on the rate of diffusion of these innovations 
^ creating an artificial market for them. The 
lederal Government created a guaranteed market 
for synthetic rubber during World War II by 
allocating most of its output for military use and 
limiting the amount of natural rubber that could 
be used in consumer applications. The magnitude 
of the market subsidy created by the Government’s 
wartime requirements is indicated by the fact 
that synthetic rubber output dropped 50 percent 
between 1945 and 1949 (from 1.90 billion pounds 
to 0.95 billion pounds) as this country converted 
from a wartime to a peacetime economy. 

Undoubtedly, the extremely rapid early rate of 
economic growth of the synthetic rubber industry 
was more largely a^ result of the Government’s 
creation of an artificial demand for synthetic rub- 
ber than from its investment in research and de- 
velopment and in production plants and facilities. 
Without this artificial market, it is likely that the 
Government’s investments in technological devel- 
opment and manufacturing capability would have 
had only a limited impact on the economic growth 
of the industry. Therefore, probably the most 
effective technique available to the Federal Gov- 
ernment to accelerate the rate of development and 
diffusion of technological innovations is to subsi- 
dize the market rather than research and devel- 
opment. 

A comparison of the rate of commercial devel- 
opment of synthetic fibers and synthetic resins also 
provides an interesting insight into the process 
of the diffusion of technological innovations. As 
indicated in exhibit 12, the synthetic resin indus- 
try required 26 years from the start of commer- 
cial production to reach a level of output of $50 
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Exhibit 11. The Economic Geowth of MaoOF, Technological Innovations in the Field of Synthetic Matebials 




Exhibit 12. Comparative Rates of Commercial 
Growth for the Synthetic Fiber, Rubber, and 
Resin Industries 
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million per year; the first synthetic fiber achieved 
the same result in 1.6 years. The primary differ- 
ence that appears to account for these extreme 
variations in the rates of commercial growth is 
application. Synthetic fibers had direct applica- 
tions in consumer markets for clothing and 
women’s hosiery, whereas synthetic resins initially 
had limited use in inaustrial markets, such as 
paints, varnishes, and textile coatings. The vei^ 
rapid rate of commercial growth for synthetic 
resins did not occur until these materials began to 
find uses in toys, appliances, and other consumer 
applications. 

The relative growth rates (as a percent of gross 
national product) for these three mnovations in 
the synthetic materials field (exhibit 12) provide 
an even more graphic illustration of the impor- 
tance of the market applications to the rate of 
commercial growth. Since the market for syn- 
thetic rubber was virtually unlimited because of 



1 Adjusted to the 1957-69 index of wholesale prices. 
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wartime demands, synthetic rubber was able to 
attain a level of 0.25 percent of GNP in less than 4 
years. Because the market for synthetic fibers 
was more restricted by the fact that it had to com- 
peto with silkj wool, and other natural materials, 
the rate of commercial growth was considerably 
slower — reaching 0.25 percent of GNP in 24 years. 
The commercial growth of synthetic resins was m- 
hibited by the fact that its initial market was new 



and in industrial applications; broader areas of 
application had to be created before rapid com- 
mercial growth could occur. The result was that 
it required 41 years to reach a level of output of 
0.25 percent of GNP, but the latter stages of this 
growth were at a rate faster than that of synthetic 
fibers — 6 years to grow from 0.10 to 0.25 percent 
of GNP for synthetic resins versus 9 years for 
synthetic fibers. 



3. Major Technological Innovations in the Field of Light Metals 



The field of light metals — aluminum, magne- 
sium, and titanium — provides an interesting in- 
sight into the process of technological innovation. 
These three metals are among the four most plenti- 
ful metallic elements on earth (iron is the fourth) 
and have a number of important physical and eco- 
nomic characteristics in common : 

Bach has a high strength-to-weight ratio and has 
valuable corrosion resistance properties. 

The separation of the pure metals from their natural 
ores Involves costly electrolytic refining processes. 

Their commercial application had to await technologi- 
cal advances first in ore processing and later in alloy 
development and fabrication techniques. 

The commercial growth of each was fostered by tech- 
nological advances in the field of military aviation. 

^ It is difficult to evaluate accurately the contribu- 
tion which these light metals have made to our 
economy. Certainly none of them could be con- 
sidered ^ basic an element of cur economy and our 
way of life as steel or copper. On the other hand, 
they have truly made important contributions to 
the technological advancement of the field of avia- 
tion. In fact, it is unlikely that modem, high- 
^eed civilian and military jet aircraft would be 
foible if it were not for tne aluminum, magne- 
sium, and titanium alloys used in them. Also, the 
inroads which aluminum has made in some tradi- 
tional applications for iron and steel (e.g., the 
automotive and container industries) and the 
slowly growing use of titanium in tne chemical 
processing industry makes it evident that these 
metals do have a mche outside military and aero- 
space applications where their light weight is far 
more important than their high cost. 

One other interesting aspect of this field as far 
as this investigation is concerned is that each of 
these light metals was introduced commercially 
approximately 30 to 40 years apart, thus permit- 
tmg a direct comparison of the rate of technologi- 
cal development and diffusion during different 
time periods. Furthermore, two of these innova- 
tions, aluminum and magnesium, were largely de- 
veloped by private initiative with a single company 
maintaining virtual monopolistic control over the 
innovation during most of its early economic de- 
velopment and growth. The situation was exactly 
the opposite in the case of titanium, with most of 
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the commercial research and development done by 
the Federal Government and a prima^ market for 
this material created by military jet aircraft appli- 
cations during the Korean war. Thus, the field of 
light metals also provides another opportunity to 
compare the rate of technological development and 
diffuiiion between publicly and privately financed 
innovations. 

Aluminum 

The technological history of aluminum began 
with the discovery of the metal 140 years ago (see 
e^ibit 13) . Twenty years later, a sufficient quan- 
tity of metal was produced to enable scienti^ to 
determine some of its physical and chemical prop- 
erties. In 1954 two processes for removing the 
metal from the ore were developed — one produced 
aluminum by a chemical technique and was used 
until about 1890 but proved to lie too expensive 
($15 per pound) for commercial use. The other 
involved an electrolytic process but was technically 
impractical because at that time batteries were the 
only available source of electrical power. At this 
point, most of the technological discovery and de- 
velopment work on aluminum was done in Europe ; 
but most of the subsequent research and develop- 
ment work occurred in the United States. 

For approximately the next 30 years, aluminum 
technology remained dormant because of the lack 
of low-cost electrical power for the reduction of 
aluminum ore (bauxite) to metallic aluminum. 
This obstacle was gradually diminished during 
that period by Edison’s work on electric power gen- 
eration and the establishment of a direct current 
electrical power distribution system in the U.S. 
in 1882. The availability of low-cost electrical 
power in large quantities was the key to the com- 
mercial production of aluminum, and in 1886, Hall 
in the u.S. and Heroultj independently, in France 
developed the electrolytic process that is still used 
in the production of primary aluminum. 

Although continual improvements have been 
made in raw metal production processes over the 
years to reduce operating costs, at that point, tech- 
nological research and development efforts have 
sharply shifted to the development of new alumi- 
num alloys and fabrication techniques which ex- 
tended the applications and expanded the markets 
for aluminum. The aluminum industry’s growth 
required producers and users of the metal to assem- 
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Exhibit 13. Chbonoloqt of the Discovebt and Devel* 
OPMENT OF Aluminum 



By 1938, most structural parts of military aircraft 
were made from aluminum. 



Basic Research and Investigation: 

1825 : Oersted first produced pure aluminum metal. 

1827 : Wohler produced aluminum as a powder. 

Inculation Period: 

1846 : Wohler succeeded in producing a sufficient quantity 
of the metal to determine some of its properties. 

1864 : Devllle established tho basis for the first commercial 
production process. 

1854 : Bunsen showed that aluminum could be produced by 
an electrolytic process, but the process was imprac- 
tical at the time because batteries were the only 
source of electricity. 

1882 ; Edison’s generator Improvements and direct current 
distribution system fostered commercial development 
of low-cost electric power. 

Commercial Development: 

1886: flail and Heroult independently discovered the pro- 
duction process (electrolytic reduction of aluminum) 
still used in the industry. 

1888: The Pittsburgh Reduction Co. (later to become the 
Aluminum Corp. of America)/ was formed to produce 
aluminum. 

Commercial Growth: 

1892 : Alcoa began commercial production of aluminum. 

1916 : Wartime effort intensified development work on alloys 
and new applications for aluminum. 

1928 : Reynolds Metals Co. was formed and acquired assets 
of an aluminum fabricator. 

1938: Aluminum was used for almost all structural parts 
of military and larger civilian aircraft. 

1940: Alcoa doubled capacity in this country by building 
and operating Government-owned reduction plants. 

1946; Kaiser Aluminum & Chemical Co. was formed and 
acquired three reduction plants from the Government. 

1946: Reynolds Metals acquired the remainder of the Gov- 
ernment’s aluminum plants. 

1950: The Government encouraged expansion of capacity 
with construction loans, fast writeoffs, and guaran- 
teed purchases for stockpile, resulting in new primary 
producers entering the industry and nearly doubled 
capacity in 4 years. 

1966 : Primary producers emulated Alcoa’s example by inte- 
grating forward into fabrication. 



ble a knowledge of the physical and chemical prop- 
erties of various aluminum alloys equal to that 
which had accumulated in the iron and steel indus- 
try over a period of 2^000 years or more. The pri- 
mary objective of this research effort was to im- 
prove the strength and corrosion resistance of the 
pure metal and to make fabrication of these metal 
alloys less costly. 

Applications research and development efforte 
were principally privately sponsored and, until 
World War II, largely controlled by^ the only 
domestic producer of prima^ aluminum— the 
Aluminum Company of America. Gradually an 
aluminum alloy technology evolved that enlarged 
the applications for the metal. For example : 

During World War I, aluminum was used for pistons 
in internal combustion engines. 

An important new forging alloy was developed during 
tbel920’s. 

In 1926, aluminum-clad sheet was available com- 
mercially. 



After World War II, aluminum foil came into wide- 
spread use. 

More^ recently, aluminum cans have displaced “tin 
cahs” in certain food and beverage containers. 



The fundamental economic fact -underlying the 
growth of the aluminum industry is the need that 
existed for this metal in consumer and industrial 
applications as well as for military and aerospace 
uses. For example, kitchen utensils such as p<)ts 
and pans of iron were too heavy? to be fully satis- 
factory, but aluminum was strong enough to do 
the job and weighed only one-third as much. Not 
only did many needs exist for aluminum, but comit- 
less other uses were createii as alloys were de-vised 
for various potential ajmlications. Nevertheless 
except for sharp peaks during World Wars I and 
II, gro-wth of the aluminum industry was very 
slow and undramatic. 

The economic circumstances that prevailed dur- 
ing the 60 years from 1888 (when Alcoa was in- 
corporated as Pittsburg Eeduction Company) 
until the end of World War II greatly influenced 
the development and OTo-wth of the industry, 
ijcoa was the industry feing that period, holding 
the basic Hall patentj ha-ving exclusive contracts 
with sources of bauxite, and being financed and 
gui(ied by the Mellon banking interests of Htts- 
burgh. Several attempts by other companies to 
enter the industry failed. In 1028, Alcoa sired 
Aluminium , Ltd., and transferre(i to it all of 
Alcoa’s foreign properties. Aluminium, Ltd. is 
now the biggest primary aluminum producer in 
the world. 

The period after the end of World War II saw 
the emergence of aluminum as a major industry. 
In 1946, Seynolds Metals Co. and Kaiser Alumi- 
num & Chemical Co. entered the field by purchas- 
ing the Government-owned aluminum plants built 
during World War II. During the next lY years, 
the output of the aluminum industry increased six- 
fold. This rapid ^owth is partly attributable to 
natural growth of Siuminum-dependent industries, 
such as commercial aviation, and partly to in- 
creased military usage. However, most of it has 
resulted principally from aggressive promotion of 
the metal in new applications such as automobile 
manufacture, residential and commercial constmc- 
tion, truck and rail transportation, and packaging. 



Magnesium 

Just as production of primary aluminum is 
miniscule compared to that of steel, domestic pro- 
duction of primary magnesium is equally small 
as compared to that of aluminum — aJbout 3 per- 
cent. Yet, there are striking similarities in their 
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histories. Magnesium, the third most abundant 
metal in the earth’s crust (following aluminum and 
iron) , was discovered 17 years before aluminum 
(see exhibit 14) . Bunsen devised an electrolytic 
process to produce magnesium in 1852, 2 years 
before he developed a similar process for alumi- 
num. The year the Hall-Heroult electrolytic 
process for aluminum reduction was developed 
(1886), two German scientists improved Bunsen’s 
magnesium reduction process. At this point, the 
development paths of these two materials sep- 
arated. Aluminum was marketed commercially 
in 1892, but it was 1909 before the first magnesium 
alloys were commercially available. 

There is an interesting facet of the almost paral- 
lel development of these two light metals : if more 
research had been done on magnesium alloys dur- 
ing the early 1900’s, the subsequent roles of the 
two metals might have been reversed. Magnesium 

Exhibit 14. Oheonoloqt of the Discoveey and Develop- 
ment OP Magnesium 

Basic Research and Investigation: 

1808 ; Davy isolated metallic magnesium. 

1828 : Bussy prepared nearly pure magnesium. 

Incubation Period: 

1833: Faraday was first to succeed in producing metallic 
magnesium by electrolysis. 

1862 : Bunsen produced magnesium with a different type of 
electrolytic cell. 

1857 : Deville and Caron produced magnesium by using 
•sodium to reduce magnesium chloride. 

Oommercial Development: 

1886: Fischer and Graetzd further developed the electro- 
lytic process. 

1909: The first commercial magnesium alloys were mar- 
keted by a German firm. 

1915 : German domination of world trade in the industry 
was interrupted by World War I. 

Oommercial Growth: 

1918: Dow Chemical Co. joined four other firms to start 
the magnesium industry in this country. 

1927 : Dow was the only domestic company left producing 
magnesium, with a capacity of about 2,500 tons per 
year. 

1928 : The carbothermic process for reducing magnesium 
was Invented in Austria by Hansgirg. 

1932 : Alcoa and I. G. Farben Co. pooled magnesium produc- 
tion and fabrication patents and brought Dow into the 
cross-licensing agreement. 

1940 : Britain and United States discovered the widespread 
use of magnesium in German aircraft. 

1940: The Federal Government authorized coLStruction of 
14 new magnesium plants, using 4 now reduction 
processes. 

1941 : An antitrust suit was brought against Alcoa and Dow 
by the Federal Government. 

1942 : Alcoa and Dow signed consent decrees promising not 
to monopolize the magnesium industry, and the Jus- 
tice Department demanded that all patents be made 
available, royalty-free, for the duration of World 
War II. 

1944: The magnesium industry capacity reached 295,000 
tons ner year with 10 of the 12 production plants 
owned by the Federal Government. 

1946: Production fell to 6,300 tons causing several mag- 
nesium producers to quit the field. 

1965 : The magnesium industry in this country is comprised 
of four companies. 



is two-thirds the weight of aluminum, nearly as 
strong, produced by a similar process, nearly as 
abundant, and production costs are almost compar- 
able. It is the easiest of the light metals to ma- 
chine and its applications are veiy similar to those 
of aluminum. The primary difference between 
the two is that magnesium^ powder will ignite 
spontaneously in air and will burn intensely, a 
characteristic which certainly hindered research 
work on fabrication technology. Nevertheless, it 
may be a fluke of history that aluminum rather 
than magnesium has come to dominate the light 
metals industry. 

The early commercial development and exploi- 
tation of mamesium was carried out by German 
companies which dominated world trade in the 
metal until World War I. The advent of World 
War I disrupted German trade in magnesium, in- 
tensified domestic demand for both incendiary and 
aircraft structural applications, nullified German 
patents, and fostered the birth of the magnesium 
indust^ in the U.S. First commercial production 
was initiated in this country in 1918, but demand 
fell just as abruptly after the war leaving Dow 
Chemical Co. the only domestic firm in the indus- 
try until after World War II. 

Technologically and economically, magnesium 
was bom “second best” in the light metals field. 
Not only did it have to compete with aluminum as 
well as steel for markets, but to Dow, the only 
domestic producer, magnesium was only one of 
several products obtained from carefully balanced 
brine operations which also produced important 
chemical salts. Commercial development between 
the wars was hindered also by metallurgical en- 
gineering mistakes (e.g., the use of a self-dcstroy- 
mg magnesium-copper alloy in automotive pis- 
tons) and by failures due to improper fabrication 
techniques. Furthermore, in 1932, Alcoa and I. G. 
Farben Co. negotiated a cross-licensing agreement 
on magnesium production and fabrication patents. 
Dow Chemical Co. was added later to the agree- 
ment, which endured until Federal antitrust action 
ended it in 1942. Thus, from 1918, the start of 
production in this country, magnesium required 
15 years to approach aluminum in price, 20 years 
to reach an annual production rate of 2,400 tons, 
and 22 years to attain a permanent multicompany 
industry status. 

In contrast, Germany had developed magnesium 
technology and commercial applications to where 
it was consuming 6 times as much of this metal 
as the U.S. The German Ford plant made exten- 
sive use of magnesium in cars, and German mili- 
tary aircraft contained as much as 1,000 pounds 
of this light metal. During the early years of 
World War II, the Federal Government author- 
ized construction of 14 magnesium plants (only 
2 privately owned) to be run by 12 private com- 
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panies and using various processes to produce 
magnesium. 

At the end of World War IIj production dropped 
sharply, but magnesium began to expand ite mili- 
tary aircraft applications. The industry is now 
operating at 10 times immediate postwar output 
levels with 4 companies now in the industry. How- 
ever, less than 40 percent of current domestic con- 
sumption is used in primary structural applica- 
tions with the remainder, ironically, being con- 
sumed in the production of other metals, prin- 
cipally as an alloying agent to improve the prop- 
erties of its rival light metals, aluminum, and 
titanium. 

Titanium 

Titanium is the newest of the light metals and 
is now growing rapidly, primarily as a result of 
intensive Government interest in it for aerospace 
applications. It is the fourth most abundant metal 
in the earth’s crust and is widely distributed; it 
has the strength of high quality steels but weighs 
only 56 percent as much, and has excellent resist- 
ance to corrosion and maintains its strength at 
higher temperatures than any other metal. Per- 
haps its most important property is its ability to 
be alloyed with most other metals and with many 
nonmetals to produce materials T»^ith a wide va- 
riety of characteristics. 

Although titanium was discovered as early as 
1789 (see exhibit 15), it was not until 1936 that 
a production process was devised. The U.S. Bureau 
of Mines perfected the proce^, which achieved 
success on a pilot plant scale in 1946. Commer- 
cial use of titanium began in 1950 in jet aircraft 
applications which capitalized on the material’s 
strength and relative light weight. Because of 
titanium’s potential advantages in military appli- 
cations, the Office of Defense Mobilization fostered 
establishment of the titanium industry in 1951 
with the granting of construction loans, fast write- 
off provisions, and purchase contracts for stock- 
piling the metal. In ^55, the Department of De- 
fense established a titanium research laboratory 
and a central facility for collecting and dissemi- 
nating information on titanium metallurgy, fabri- 
cation, and application technology. This inten- 
sive technical support by the Federal Government 
resulted in a gradual surmounting of the difficul- 
ties of fabrication, and now titanium can be ma- 
chined nearly as easily as stainless steel. 

The structural advantages of titanium led to 
its early uses in military aircraft, most civilian 
jet aircraft, and nearly all missiles. Titanium’s 
ability to retain its strength at extremely high 
temperatures made it extremely useful in jet en- 
gines and as a structural material in supersonic 
aircraft, such as the A-11, X-15, TFX, and XB- 
70A, and the yet to be designed mach 3 transport. 
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Exhibit 15 . Cheonoloqt of thf. Di6COVTby and Devett 
ment op Titanium 

Ba$to Research and Investigation: 

1789 : Gregor discovered titanium. 

Incubation Period: 

1010: Hunter isolated metallic titanium by reducing tita- 
nium tetrochloride with sodium. 

Oommercial Development: 

1936: Kroll developed a production process that involved 
the reduction of titanium tetrochloride with molten 
magnesium. 

1946: The U.S. Bureau cf Mines succeeded in producing 
titanium on a pilot plant scale using Kroll’s process. 
Oommercial Growth: 

1950: Titanium Metals Corp. of America was formed by 
Alleghany Ludlum Steel Co. and National Lead Co., 
and the drst commercial production of titanium was 
begun. 

1951 : The Office of Defense Mobilization fostered the growth 
of the titanium industry with construction loans, fast 
writeoffs, and purchase of output for strategic stock- 
piles. 

1955 : Department of Defense established a titanium re- 
search laboratory and central facility for collection 
and dissemination of information on titanium char- 
acteristics, applications, and engineering. 

1957 : The Federal Government stopped purchasing titanium 
for stockpile when the Department of Defense decided 
to base deterrent force on missiles instead of planes, 
thereby causing some producers to witndraw from 
the ffeld. 

1962: Shipments of fabricated titanium exceeded pre.^uus 
peak volume (in 1957), with the metal being used 
in civilian and military craft, missiles, and some petro- 
chemical processing equipment 

1964 : The newest military ^et aircraft, the A-11, Is said 
to represent “mastery of the metallurgy and fabri- 
cation technology of titanium metal." 

1965 : The proposed U.S. design of a mach 3 supersonic 
transport plane would require extensive use of tita- 
nium to withstand the high temperatures generated by 
air flows at that high speed. 

Titanium’s corrosion resistance has also led to a 
U.S. Navy contract for an experimental submarine 
hull, and is rapidly opening mdustrial markets in 
such applications as corrosive petrochemical proc- 
esses, paper bleaching^ and heat exchangers. 

Another consideration that may have an impor- 
tant influence upon the growth of the titanium in- 
dustry in the future is the present structure of the 
industry itself. There are presently three com- 
panies producing primary titanium into finished 
bars, sheets, and plates. Most of the companies 
in the titanium field were formed as joint ven- 
tures among some of the country’s leading steel 
and chemical companies (e.g., U.S. Steel, Du Pont, 
Eepublic Steel, National Distillers), and thus 
have access to large financial resources to invest 
in additional research and development work on 
new applications for tliis newest light metal. 

Conclusions 

As indicated above, the level of output of the 
magnesium and titanium industries is small in 
comparison to the output of the aluminum indus- 
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tiy — in 1964, aluminum output amounted to $1.21 
billion versus an output of $57.0 million for mag- 
nesium and $20.8 million for titanium. Because 
of this wide disparity, it is difficult to make any 
extensive comparison of the rate of^ economic 
growth of these individual innovations in the field 
of light metals. Nevertheless, they provide an op- 
portunity to gain an insight into changes in the 
early stages of commercial growth. 

Exhibit 16 provides a graphic picture of the 
economic growth of these three innovations dur- 
ing the last 65 years. It also demonstrates another 
consideration that makes a meaningful analysis 
of the economic growth and development of these 
innovations even more difficult — the impact of an 
artificial demand created by wartime conditions. 
The output of each of these light metals reacted 
sharply to military requirements of World War 

Exhibk' 16 . EceNOMio Growth op Teohnolo 



I (for aluminum). World War II (for aluminum 
and magnesium), and the Korean war. The out- j 
ut of tnese critical light metals has also been in- 
ated in recent years as a result of the Federal 
Government’s efforts to stockpile them and the 
continuing high level of military expenditures. 

In the light of these conditions, the rate of eco- 
nomic growth of these three innovations was 
analyzed in terms of both relative (various per- 
centages of gross national product) and absolute 
(various dollar-value levels of output) economic 
measures. Kesults are shown in exhibit 17 which 
indicates that both aluminum and magnesium ex- 
perienced a very slow rate of economic growth (as 
measured by both economic measures) , with mag- 
nesium ha"vang an even slower rate of econoimc 
growth during the initial stages of its commercial 
application. 

yc. Innovations in the Field op Light Metals 
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Another aspect of this analysis is the economic 
growth rate of titanium as compared to that of the 
other two light metals. The rate of growth for 
titanium during the early stages is approximately 
5 to 6 times as fast as that of aluminum as meas- 
ured by absolute levels of output, and approxi- 
mately 3 times as fast when measured by relative 
economic criteria. However, because of Govern- 
ment stockpiling purchases, this early growth rate 
is misleading, and as the titanium industry con- 
tinues to expand in the future, its overall rate of 
economic growth will probably not maintain this 
margin but will more closely approximate that of 
aluminum and magnesium. 



Exhibit 17 . Analysis of the Rate op Economic 
Growth in the Field op the Light Metals 



Criteria for evaluation 


Lapsed time (in years) from 
Introduction 




Aluminum 


Magnesium 


Titanium 


Start of commercial production 


1892 


1918 


1950 


Absolute measure in $xnillion output:^ 




25 


14 


24 


3 


50 


23 


25 


4 


100 


24 


25 


>14 


Relative measure in percent of QNP: 






0.01 


10 


24 


4 


0.02 


14 


25 


6 


0.05 


23 


>46 


>14 



* In constant dollars based on 1957-59 Index of wholesale prices. 
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4. Major Technological Innovation<j in the Field of Communications 



Two technological innovations in the field of 
communication — radio and television — are apt 
subjects for this investigation since these must 
rank among the most significant teclmological in- 
novations of the^ 20th century. Although both 
radio and television are often maligned publicly 
and privately (e.g., “television’s vast wasteland”), 
in all honesty these two inr ovations must be ac- 
knowledged as having had an important impact on 
our economy and way of life. 

Tlie ability to reach large segments of our popu- 
lation has made radio and television broadcasting 
a medium of mass communication without equ^ 
in our society. This mass communication capa- 
bility is further enhanced by a unique ability to 
provide information, education, and entertain- 
ment to individuals of all ages and social and 
economic levels. One cannot help but be awed by 
the potential of radio and television to inform 
and educate as young children discuss rocket 
launchings, spacecraft, orbiting, and reentry in the 
same breadth as the latest episode of “Lassie.” As 
satelhte communication systems are developed and 
placed in commercial operation, radio and televi- 
sion will truly become a worldwide medium of 
mass communication, and are likely to have im- 
portant effects on all nations of the world. 

The contribution of rad’o and television broad- 
casting to this country’s economy has been equally 
as significant as the social and cultural changes 
these innovations have produced. In 1964, Sie 
output of the radio and television industry (in- 
cluding both broadcasting and the manufacture of 
radio and television receiving sets) exceeded $4 
billion, and has been increasing at a rate of ap- 
proximately 10 percent per year during the last 
3 years. 

Although the direct economic contribution of 
the radio and television industry has been substan- 
tial, its most significant contribution has been its 
overall impact on our consumer economy. As a 
unique medium of mass communication capable 
of reac^g individuals of all ages and social and 
economic levels, radio and television provide 
manufactuicrs of consumer goods with unequalled 
opportunities to bring the merits of their particu- 
lar products to the attention of large segments of 
the population. Furthermore, by choosing broad- 
casting time, a company can selectively determine 
the segment to which its products will be exposed. 
It is quite evident that most of our consumer goods 
industries could not have attained their present 
IT-68 



levels of output were it not for the radio and tele- 
vision industries. 

Radio Broadcasting 

The development of wireless communications 
(radio) presents an interesting example of how 
social and economic conditions can transmute a 
basic technology and drastically alter its original 
purpose and application. When initially devel- 
oped in the late 1890’s and early 1900’s, radio was 
conceived as simply an extension of existing pri- 
vate wire communication services (telephone and 
telegraph) . Thus radio was viewed as a method 
of ^ extending telephone and telegraph service to 
ships at sea, remote geographical locations, or 
other places that could not be reached Erectly by 
wire communications. As a result, most of the 
original research on the development of wireless 
communication was initially oriented toward the 
relatively siinple task of transmitting imoulses 
for telegraphic communications (see exhibit 18). 
Much of this early development work was done 
by Marconi in England, and by the start of World 
War I, commerci^ telegraphy was an established 
industiw. 

^ The first successful experimental voice transmis- 
sion was made by Fessenden in 1900, followed 6 
years later by his first successful long-distance 
radio voice transmission establishing radio’s tech- 
nical feasibility. Despite this early success, the 
evolution of radio from the laboratory stage to a 
commercial development had to await two other 
technological advances in the field of electronic 
circuitry— the development of the triode by De- 
Forest in 1907, and the regenerative circuit by 
Armstrong in 1913. 

Further impetus to the development of radio 
was provided by the establishment of Radio Corp. 
of America in 1919, an event of particular im- 
portance to the development and growth of the 
radio industry. RCA was established to consoli- 
date the patent holdings of the major American 
companies in the wireless transmission field 
(Am.erican Marconi Co., American Telephone & 
Telegraph Co., General Electric Co., and subse- 
quently, Westinghouse Corp.), and to cross-license 
th^o patents among these companies. Prior to 
this time, it was virtually impossible for any com- 
pany to manufacture an effective radio transmitter 
or receiver without infringing on another’s patents. 
At the time of its establishment, RCAl hdd over 
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Exhibit 18. Ohbonoloqy of Discoveby and Development 
IN Badio Bboadoastinq 

£f,sio Research and, Investigation: 

1837 : Morse Invented the dectrlc telegraph. 

1873 : Maxwell published a treatise that first presented the 
theory of dectromagnetlc energy. 

1876 : Bell developed and patented the tdephone. 

1878; Hughes devised the first carbon microphone. 

1888 : Hertz confirmed Maxwell’s theories on wireless trans- 
mission by sending and receiving radio waves. 

Incubation Period: 

1896 : Marconi was issued the first patents on wireless 
transmission in England. 

1897 : Marconi developed the first spark-coil transmitter and 
established a company in England to exploit its com- 
merdol applications. 

1898 s Lodge Invented and patented a method sdective 
tuning for wirde'ss communications. 

1900: Fessenden made the first successful experimental 
radio broadcast. 

1901 : Marconi transmitted the first wireless telegraph mes- 
sage across the Atlantic. 

1906: Fessenden made the first long-distance radio broad- 
cast and demonstrated the technical feasibility of 
xadio. 

1907: DeForest devdoped the 3-element (trlode) vacuum 
tube. 

1908 : DeForest broadcast phonograph music from the top 
of the Eiffel Tower. 

Commercial Development: 

1913 : Armstrong developed th regenerative radio circuit. 

1919 : Radio Corp. of America was established and subse- 
Quently arranged cross-licensing agreements on radio 
patents with American Telephone & Telegraph Co., 
General Electric Co., and Westlnghouse Co. 

1920: Station KDKA in Pittsburgh became the first com- 
mercially licensed radio station and transmitted the 
results of the Hardlng-Cox presidential election. 

1920 : Armstrong invented the superheterodyne radio circuit. 

Commercial Growth: 

1922 : Station WBAF began broadcasting in the New York 
area, and the first “commercial” was broadcast. 

1923: The first network broadcast between New York City 
and Dartmouth, Mass., was initiated. 

1924: The first coast-to-coast radio broadcast was made of 
a speech by President Coolldge. 

1920 : American Telephone & Telegraph Co. withdrew from 
the field of radio broadcasting. 

1926 : The National Broadcasting Co. was formed and went 
Into operation. 

1927: The Federal Radio Commission (now the Federal 
Communications Commission) was established by 
Congress to regulate the fidd of radio broadcasting. 

1927: The Columbia Broadcasting System was established. 

1932 : An antitrust suit by the Federal Government resulted 
in the dlvesture of the Westlnghouse and General 
Electric interests in RCA. 

1933 : Armstrong developed a practical system of frequency 
modulation (FM) broadcasting. 

1938 : Experimental FM broadcasting was started. 

1941 : First commercial FM broadcasting was inaugurated. 

1946 : Manufacture of radios was resumed. 

1964; Radio was displaced by television as the primary 
source of broadcasting revenue. 

2,000 patents in the field of radio, including vir- 
tually all that were of importance at that time. 

As mentioned above^ the transmutation of radio 
from a vehicle for private communication to one 
of public communication for use by anyone was 
an evolutionary process. The initial step was the 
establishment of station KDKA in Pittsburgh as 



the first commercial radio station (in 1920) with 
the broadcasting of the results of the Harding- 
Cox Presiciential election. The fimt 2 years of 
radio broadcasting were largely limited to this 
type of news and information reporting. ^ ^ 
The first “commercial” radio broadcast origi- 
nated from station WE AW in the New Toi^ area 
in 1922, marking the beginning of the radio broad- 
casting industry. In 1923, the first radio i^twork 
broadcast was made from New York City to 
Dartmouthj Mass., and was followed by the first 
coast-to-coast radio broadcast, of a speech by 
President Coolidge. During this period, the num- 
ber of licensed radio broadcasting stations in- 
creased from 30 in 1922 to more than 600 in 1924. 

The following 6 years were a period of very 
rapid growth for the radio industry, accompanied 
by the consolidation that seems to be inevitable 
in eve^ new industry. During this time, the NBC 
and CBS broadcasting networks were established, 
and they acquired a number of independent ra^o 
stations; A.T. & T. withdrew from broadcasting 
to devote its efforts to the field of telephone com- 
munications, and the Federal Kadio Commission 
(now the Federal Communications Commission) 
was established to regulate the entire field of public 
communications. 

The most significant technical and economic de- 
velopments from 1930 to the present was the de- 
velopment and commercial introduction of tele- 
vision anci FM broadcasting. Although television 
quickly displaced radio as the primary medium of 
mass communication, both these developments pro- 
vided the impetus that has enabled the commercial 
broadcasting field to reach its present level of out- 
put of more than $4 billion. 

Television Broadcasting 

The most surprising aspect of the development 
and growth of the television industry is its long 
history of research and technical developments. 
Initial research in this field paralleled that of ra- 
dio, both in time and in scope. The basic tech- 
nical feasibility of television was established in 
1907 (see exhibit 19) , the same year that DeF orest 
developed the 3-element vacuum tube which proved 
to be the key technical development in the field of 
radio. 

The next 16 years in the history of television 
were primarily ones of technical frustration. 
There was a common expectation in the radio in- 
dustry during the 1920’s that the technical prob- 
lems of television would be resolved quickly and 
that commercial television broadcasting would 
soon follow in the wake of radio broadcasting. 
The reason for this optimism was that while the 
technology of television receiving sets was consid- 
erably more complex than that of radio receiving 
sets, the two were very similar. 
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Exhibit 19. Chronology of Discovery and Develop- 
ment IN Television Broadcasting 

Basio Research and Investigation: 

1862: Casern developed a crude system of phototelegraphy 
capable of long-distance image transmission. 

1875 : Carey designed a crude television system utilizing 
selenium cells. 

1878: Crooks developed the cathode-ray vacuum tube. 

1884 : Nlpkov developed a mechanical scanning system suit- 
able for transmitting stationary images. 

1897 : Braun developed the cathode-ray oscilloscope by add- 
ing a fluorescent screen to a cathode-ray vacuum tube 
and controlling the path of the electron beam with 
electromagnets. 

Incubation Period: 

1907 : Rosen developed and patented a device for receiving 
television pictures from a nearby mechanical tele- 
vision transmitter. 

1907: DePorest developed the 8-element (trlode) vacuum 
tube. 

1928: Zworykin patented an electronic camera tube em- 
bodying the basic concepts of electronic scanning. 

1924: Bell Laboratories undertook a research program on 
mechanical television scanning systems. 

1927: Bell Laboratories made the flrst long-distance tele- 
vision broadcast from Washington to New York using 
a mechanical scanning system. 

1928: Zworykin developed a practical electronic scanning 
tube for television transmission. 

Ootnmercial Development: 

1929: Bell Laboratories conducted a successful color tele- 
vision broadcast. 

1980: Bell Laboratories established an experimental two- 
way television transmission system to A.T. & T.’s 
headquarters in New York City. 

1985: RCA Laboratories developed a high-resolution tele- 
vision system similar to the one presently used. 

1988: RCA constructed an experimental tv,levislon trans- 
mitting station atop the Empire State Building and 
successfully transmitted pictures 46 miles. 

1987: Seventeen experimental television stations were In 
operation. 

1989 : Dumont Co. manufactured the flrst commercial tele- 
vision set 

1989: The Milwaukee Journal flled the flrst application 
with the PCC for a commercial television broadcast- 
ing license. 

1940: CBS publicly demonstrated a mechanical color tele- 
vision system. 

1941: The PCC authorized the start of commerciel tele- 
vision broadcasting on July 1, 1941. 

1942 : The manufacture of all television broadcasting and 
receiving equipment was suspended for the duration 
of World War II, with about 10,000 television sets 
in consumer use. 

Commercial Growth: 

1946: Production of consumer television receivers was re- 
sumed, and the PCC allocated 18 VHP channels for 
commercial television broadcasting. 

1946 : The PCC received the flrst petition for color tele- 
vision from CBS which was subsequently deferred 
until standards could be established. 

1947 : RCA announced development of a color television sys- 
tem that was compatible with black-and-white tele- 
vision broadcasting. 

1948 : The Issuance of new television broadcasting permits 
was frozen pending further study of the television 
broadcasting industry. 

1961: A.T. & T. completed a transcontinental microwave 
transmission system and coast-to-coast television 
broadcasting was inaugurated. 

1963 : Magnetic tape recording for television was developed. 

1968 : The PCC approved standards for color television. 

1966: Color television became an important aspect of tele- 
vision broadjasting. 



The primary technical deterrent to the commer- 
cial development of television during this innova- 
tion’s 22-year incubation period was the method of 
image scanning utilized in transmitting the broad- 
cast picture. 

Early research on image scannmg was concen- 
trated on the development of mechanical systems. 
As early as 1927, BeU Laboratories made a success- 
ful television broadcast from Washington to New 
York utilizing a mechanical scannmg system. By 
1930, Bell Laboratories had made a successful 
color telecast and had established an experimental 
two-way television transmission system between 
New Jersey and New York City. However, ^e 
difficulties of maintaining synchronization be- 
tween a mechanical transmitter and remote receiv- 
ing sets made this technique unfeasible for con- 
sumer use. . . , « , , 4 ! 

The key technological innovation m the held oi 
television from the commercial point of view was 
the development of an electronic scanning tube by 
Zworykin in 1928. Although this was^ the tech- 
nical breakthrough needed to make television teem 
nically feasible for consumer use, a lengthy period 
of commercial development, particularly on pic- 
ture quality, ensued before television could be re- 
leased to the public. Experimental commercial 
telecasting began in 1936, and by the following 
year 17 experimental television stations were in 

operation. . , ^ i • • 

The first application for a commercial television 

broadcasting ucense was made to the FCC in 1939 
by the Milwaukee Journal. After approvmg tele- 
vision broadcasting standards, the FCC author- 
ized the start of commercial television broadcast- 
ing operations by several stations on J'^fiy 1) 194:1. 
However, with the entry of the United States mto 
World War II 5 months later, further production 
of television broadcasting equipment and eceiv- 
ing sets was suspended for the duration of the war. 
The industry remained in a state of limbo during 
that period with about 10,000 television sets in op- 
eration and only a limited amount of television 

broadcasting. j-j 

The true commercial growth of television aid 
not begin until after the end of World War II, 
when ^1 restrictions on manufacturing and broad- 
casting were removed. During the next 5 years, 
the growth of the industry was so rapid that it is 
difficult to comprehend, with the combined reve- 
nues from the manufacture of television sets and 
television broadcasting exceeding $1.5 billion dur- 
ing 1950. The television industry continued to 
grow steadily until the late 1950’s when both tele- 
vision manufacturing output and broadening 
revenues began to stabilize. However, within the 
last 3 years growing consumer acceptance of color 
television has provided a substantial impetus to the 
industry’s economic growth, which should cor- 
tinue for several more years. 
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Conclusions 

This investigation of radio and television pro- 
vides an opportunity to examine the rate of dif- 
fusion of technology in a consumer product field 
that is virtually without^ Government subsidy 
either in research or application. Furthermore, 
the rate of diffusion for a primary innovation 
(radio) which created an industry in the consumer 
field can be compared with that of a secondary in- 
novation (television) in the same field which was 
able to build on a substantial foundation of people 
and facilities already in eastence. 

One difficulty inherent in any attempt to meas- 
ure the rate of commercial development ((fif- 
fusion) of the radio and television industries arises 
because they involve both a product and a service. 
The transmission of radio and television programs 
is primarily a service function which can only be 
measured in economic terms through revenues 
received for these broadcasts | yet the reception of 
this radio and television transmission can only be 
measured in economic terms by the value of the 
product (i.6.> radio and television sets) used for 



this purpose by the consumer. Because neither the 
product nor the service can exist without the other, 
the rate of commercial growth of the two indus- 
tries has been measured by combining the value of 
the output of television and radio manufacturing 
with the corresponding value of television and 
radio broadcasting revenues for the years under 
study. Although this method of measurement un- 
derstates the true economic importance and growth 
of the two industries by excluding the value of the 
sales and service operations that are an important 
part of radio and television set manufacturing, it 
IS reasonably consistent with the methods used to 
measure the rate of diffusion of other techno- 
logical innovations. . 

The value of output for the radio and television 
industry is shown individually and in total in 
exhibit 20. A more detailed analysis and com- 
parison of the rate of economic growth of these in- 
dustries is presented in exhibit 21. The most 
significant fact revealed by these exhibits is the 
extremely rapid rate of commercial growth ex- 
perienced by both industries during their early 
stages of development. In terms of absolute meas- 



Exhibit 20 . The Eoonomio Growth of Radio and Television Broadcasting 



^Millions 




ERIC 



11-72 



studies: employment impact of technological change 



Exhibit 21. Comparative Rates op Economic Growth 
FOR THE Radio and Television Industries 



Criteria for evaluation 


Lapsed time from 
commercial intro* 
duction (years) 




Radio 


Television 


Date of commercial Introduction _ 


1922 


1046 

2 


Absolute economic criteria in $ million output; ^ 

50 


2 


100 


3 


2+ 

3 


250 


4 


500 _ _ 


7 


3+ 

4 


750 


8 


1,000_ ______ 


21 


4+ 

6 


1.500. _ 


>42 

3 


Relative economic criteria in percent of GNP: 
0.10 


3+ 

4— 


0.1S_ 


4 


0.5^0. 


6 


4 


0.25 


7 


c> 


0.50 _ , 


22 


0.75_ _ ___ _ 


>42 


19 





1 Adjusted to the 1957-69 Index of wholesale prices. 



ures, the radio indust^ was able to attain a level 
of output of $750 million in 8 years and television 
in about 4 years. As measured in relation to otoss 
national product, a similar situation is evident, 
with the radio industry reaching a level of 0.25 
percent of GNP in 7 years and the television in- 
dustry reaching the same level in slightly more 
than 4 years. At that point, the rate of growth of 
the radio industry declined but continued for the 
television industry, reaching an almost unbeliev- 
able level of 1.5 billion (0.50 percent of GNP) 
withm 5 years from the date of commercial intro- 
duction. 

To some extent, the television industry’s rapid 
growth can be attributed to the fact that much of 
the basic foundation upon which the industrj^ was 
built (i.e., studio facilities, personnel, advertising 
agencies, appliance stores, etc.) was already in 
existence because of the radio industry. Radio did 
not have this foundation, and essentially had to 
create an entire new industry structure upon which 
to build. Yet the economic growth of this indus- 
try is impr^sive in comparison to most technologi- 
cal innovations. 

The large amount of research and development 
is a factor which probably contributed signifi- 



cantly to the rapid growth of the radio industry. 
During the period of commercial development, a 
substantial portion of the funding for research 
and development was underwritten by private in- 
dividuals in hopes of eventually earning a profit on 
their investment through the sale or ncensing of 
^suiting patents. Although most of these private 
investments were notably unsuccessful, they did 
provide a continuous flow of research lunds dur- 
mg the critical phases of radio’s technical develop- 
ment. 

During the early period of the radio industry’s 
growth, emphasis on research continued but the 
source of the funds changed. The four companies 
that dominated the radio industry from 1910 to 
1930, American Telephone & Telegraph, General 
Electric, Radio Corp. of America, and Westing- 
house, were all research oriented and invested sub- 
stantial amounts of corporate funds in radio re- 
search and development. ( A.T. & T. alone spent 
$21 million on direct radio research in a 15-year 
period, and an additional $25 million on closely 
related research.) This support of technical re- 
search was accompanied by even larger invest- 
ments in exploiting the opportunities in radio, 
which undoubtedly further accelerated the com- 
mercial growth of the indust^. The investment 
in both research and commercial development was 
possible because of the financial resources of the 
companies in the field. It is unlikely that the rate 
of t^hnical and economic progress would have 
been neply as rapid if a large number of small 
companies had dominated the radio industry. 

^ The most significant conclusion that can be de- 
rived from this admittedly brief study of the com- 
mercial growth of these industries is the very rapid 
rate of diffusion possible for technological umova- 
tions with consumer application. The fact that a 
new-consumer industry (radio) can be created and 
reach a level of $750 million in 8 years, and that 
another innovation (television) introduced within 
an existing consumer industry can attain a level of 
$1.5 billion in 5 years suggests that the rate of dif- 
fusion of technological innovations in consumer 
product areas may be considerably greater than 
that for innovations in industrial product areas. 
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5. Major Technological Innovations in the Field of Food Preservation 



Man has historically located his home according 
to the availability of food and water. He could 
travel only so long as he remained close to sources 
of both, and he was forced to move if the local 
supply of either vanislied. To travel when neither 
was available, he had to provide means of taking 
them with him and keepi^ them in a usable con- 
dition. The voyages of Columbus and Magella-x 
suggest that man had found adequate, if not en- 
tirely satisfactory, techniques for preserving food 
several hundred years ago. 

Even the method of food preservation most 
widely used today, canning, is an old develop- 
ment— the process of preserving foods by heating 
in sealed metal and glass containers dates back to 
the early 19th century. The growth of the can- 
ning industry would be of interest to this study, 
but lack of economic data makes it unsuitable. 
This investigation, consequently, is focused on two 
more recent developments in the field of food proc- 
essing, quick freezing and freeze drying. The 
former has already proven its commercial impor- 
tance ; the latter is beginning to demonstrate that 
it may have an important rde to play in the field 
of food preservation in the future. 

Frozen Foods 

Freezing to preserve foods is an ancient practice 
with Eskimos and others in cooler climates, but 
the use of freezing commercially to preserve food 
did not materialize until the 20th century. The 
development of food freezing evolved from several 
distinct directions. Basic technological develop- 
ments concerned with methods for producing sub- 
freezing temperatures began with the l7th century 
discovery of a process to make artificial ice. Fur- 
ther advances were made during the 19th century 
when several patents were granted for food pres- 
ervation processes involving immersion in ice and 
brine (see exhibit 22). However, the advent of 
mechanical refrigeration in the 1800’s was the 
basic technological discovery that enabled the 
frozen food industry to become a commercial food 
preservation process. Mechanical refrigeration 
came into use for preserving boatloads of meat 
bound for England in the 1880’s but it was the 
accidental freezing of one of those cargoes that 
led to the use of freezing as a conrniercial food 
preservation process. 

The second major factor which contributed to 
the creation of the frozen food industry was the 



Exhibit 22. Chronology of the Discovert and Develop- 
ment OP Frozen Poods 

Incubation Period: 

1842 : Benjamin obtained an English patent for a process 
of preserving meats by freezing through immersion in 
ice and brine — one of several food freezing patents 
granted in the 19th century, 

1880: Mechanical refrigeration, the basic foundation for 
today’s food freezing industry, was used to preserve a 
boatload of meat transported from Australia to Eng- 
land ; the unintentional freezing of one cargo led to the 
use of freezing as a standard practice. 

1908 : Baker, in Colorado, successfully froze fruits— one of 
the earliest attempts to broaden the scope of frozen 
foods beyond meats and fish. 

Commercial Development: 

1916 : Three German researchers showed the benefit of quick 
freezing (hours rather than days) in preserving food 
quality, 

1917 : Clarence Birdseye began his investigations into 
frozen food, emphasizing development of methods of 
freezing foods in small containers suitable for pur- 
chase by the consumer. 

Commercial Growth: 

1925 : General Seafoods Co., established by Birdseye, began 
production of frozen fish, 

1927 : The belt freezer was introduced, permitting produc- 
tion on a continuous basis, 

1929 : The first commercial frozen food pack was put on the 
market after considerable experimentation by General 
Poods Corp, 

1937 : Household freezers grew rapidly and provided the ve- 
hicle which brought frozen foods into the home on a 
widespread scale, 

1946: The postwar period initiated new consumer interest 
in convenience foods. This combined with the ability 
to pay a premium for frozen foods and the introduc- 
tion of freezers for home use to provide a great 
impetus to the growth of the frozen food industry* 

1947 : Overproduction and overestimation of consumer ac- 
ceptance drove many producers from the industry. 

1954 : **TV dinners*' were introduced and were the har- 
binger of a broad line of frozen food products marketed 
during the 1950*s and 1960’s, 

slow accumulation of a technology of freezing vari- 
ous foods to produce an acceptable consumer prod- 
uct. Until about 1900, work had been concentrated 
on the preservation of meats and fish. Gradually 
development efforts were extended to include fruits 
and vegetables, but progress was slow because dif- 
ferent food products react differently to freezing. 
(The^ compl^ity of this is evident by the use of 
ireezing equipment engineered to a specific type 
of food.) It was not until 1916 that the rate of 
freezing was recognized as the significant factor 
in maintaining the quality of frozen foods. 

Both mechanical refrigeration and the develop- 
ment of a technolo^ set the stage for the introduc- 
tion of frozen foods as a consumer product. For 
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all practical pur^joses, the industiy began in 1925 
when Clarence Birdseye formed the General Sea- 
foods Co. to produce frozen fish using a batch-type 
immersion process. Shortl;]^ thereafter, the belt 
freezer was introduced, continuous production be- 
came possible, and the General Foods Corp. began 
to offer a broader line of frozen foods. 

From that point, the growth of the frozen food 
industry became dependent on other factors. Cer- 
tainly the economic prosperity of the mid-1920’s 
fostered the introduction of frozen foods since 
money was available for such luxury items as 
frozen foods. Correspondingly, the depression of 
the 1930’s made higher frozen food prices unat- 
tractive to large se^ents of the consumer market. 
Moreover, very little refrigeration equipment was 
available to transport frozen foods, keep and dis- 
play them in stores, and keep them frozen at home. 

The advent of World War II provided an un- 
expected stimulus to the growth of the frozen food 
industry. Foods preserved by conventional can- 
ning processes had to be packaged in tin cans which 
were needed for military food supplies, but frozen 
foods could be packaged in less critical materials. 
Therefore, frozen foods were declared nonessential, 
with the result that the growth of the frozen foods 
industry was actually fostered by wartime restric- 
tions on canned foods. 

The post-World War II period witnessed the 
emergence of frozen foods as a major industry. 
Its growth was closely associated with the tremen- 
dous upsurge in consumer purchases of appliances, 
including refrigerators with freezer compartmente, 
and increasing personal income which left more 
money in the fo(M bud^get for the purchase of con- 
venience foods. Despite the resulting prosperity, 
the post-World War II period was one of upheaval 
in the industry. The postwar boom was antici- 
pated by so many producers that overproduction 
occurred, and eventually resulted in severe compe- 
tition that forced about 200 producers out of the 
business. 

The explosive growth of the industry was fos- 
tered by the advent of frozen orange juice, other 
concentrates, and various frozen prgaared spe- 
cialties which resulted in a thirteenioldT expansion 
in the industry during the last 15 years. .Al- 
though technological advances were made during 
that period (some as an outgrowth of cryogenic 
research associated with outer space exploration), 
it is noteworthy that the spectacular growth of 
frozen foods at that time is largely unrelated to 
the technology of food processing. Instead, the 
industry’s growth is directly attributable to sus- 
tained economic prosperity, the variety and quality 
of the foods offered, and the enormous potential 
of the consumer food market. 



Freeze-Dried Foods 

Freeze drying is a method of preserving foods 
that combines the earlier known processes of freez- 
.iug and dehydration. The basic technological 
concepts of freeze drying grew out of medic^ re- 
search on the preservation of blood. The primary 
impetus to the development of freeze drying was 
supplied by the Armed Forces’ interest in foods 
made more readily transportable by eliminating 
water content. The need was revived during the 
Korean war but only modest results were obtained 
until 1955 when a new method was developed with 
considerable commercial promise (see exhibit 23). 

Exhibit 23 . Chronology of the Discovery and Develop- 
ment OP Freeze-Dried Foods 

Ba^o Renearch and Inve$Ugaiion: 

1940'sj The principles of freeze drying were developed by 
medical research in the preservation of blood. 

1940’s: Freeze drying was sought as a means of making 
foods more easily transportable under wartime con- 
ditions by eliminating the water in foods. 
Incutaiion Period: 

1951 : The Korean war revived the military need for more 
easily transportable food. 

Commercial Development: 

1966 : A commercially promising method of freeze drying 
foods was developed. 

Commercial Growth: 

1961: Freeze-dried foods were introduced to the civilian 
market. 

1965: Several food manufacturers introduced cereals that 
incorporated freeze-dried fruits in packages. 

This method involved freezing the food, sub- 
jecting it to a vacuum, and then applying heat, 
which results in the sublimation of the water in it. 
In the absence of water, the natural deterioration 
of food ceases because all bacterial and enzymatic 
action is suspended. Freeze drying is applicable 
to a variety of foods; it preserves the nutritional 
constituents and has very little effect on the struc- 
ture and size of the food, but it causes some de- 
tracting changes in appearance. 

Since 1961, when freeze-dried foods were intro- 
duced to the consumer market, many producers 
have ^tered the field. F or the most part, they are 
established firms in the food field, active in food 
research, and with access to substantial research 
funds — a necessity with freeze drying since the 
process is expensive in terms of facility require- 
ments. Aji climated 21 freeze-drying plants are 
now operating in North America, with others un- 
der construction. 

The commercial growth of freeze-dried foods 
has closely paralleled that of frozen foods. Be- 
cause the process is still relatively expensive in 
comparison to other methods of food preservation, 
its use has primarily been limited to such specialty 
items as mushrooms and foods for campers. The 
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Exhibit 24 . Ecx>nomio Growth of Innovations in the Field of Food Preservatives 




first widespread use of freeze-dried foo^ for con- 
sumer application was in the preparation of cer- 
tain soups. More recently, several food manufac- 
turers have introduced new dry cereal products 
that contain freeze-dried fruits. The prima^ dif- 
ference between freeze-dried foods and frozen 
foods is that no special refrigeration or other 
equipment is needed for freeze-dried foods either 
at the retail outlet or in the home; that they can 
be stored at room temperature should assist the 
commercial growth of freeze-dried foods in the 
future. 

Conclusions 

The history of the commercial growth of both 
frozen and freeze-dried foods is shown in exhibit 
24 , and a comparison of the relative and abvSolute 
growth for these innovations is summarized in ex- 
hibit 25 . As indicated above, ^ the commercial 
growth of frozen foods was relatively slow, requir- 



Exhibit 25 . Comparison of the Rate of Commercial 
Growth for Frozen and Freeze-Dried Foods 



Criteria for evaluation 


Lapsed time from commer<> 
cial introduction (years) 


Frozen foods 


Freeze-dried 

foods 


of ponriTiripppiftl introduction 


1926 


1961 


Kelativo economic criteria in percent of QNP: 
0 02 - 


9 


>4 


0 05 


12 




0 10 - 


15 




0 15 


21 




n 90 - 


26 




0 25 ___ 


27 




0 50 — — — 


31 




n 7.»? - 


88 




1 00 


>40 




Absolute economic criteria in $ million output:* 
50 — 


10 


4 


100 


12 


>4 


OKO - 


15 




500 


25 




7K0 - 


26 




1 non - — — 


27 




1 KOO - - 


29 




9 non ............. 


31 











» Adjusted to the 1957-69 Ludex of wholesale prices. 
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ing 9 years to reach a level equal to 0.02 percent of 
GNP, and 26 years to attain 0.20 percent of GNP. 
This slow rate of growth was attributable to two 
factors — economic conditions during the 1930’s, 
and the need for retail and consumer storage facili- 
ties for frozen foods. However, since attaining 
the 0.20-percent level, the frozen foods industry 
hfis grown very rapidly. Where it required 27 
years for output to reach a level equal to 0.20 j^r- 
cent of GNP, only 5 more years were required to 



reach a level of 0.50 percent of GNP and an addi- 
tional 7 years to reach 0.75 percent of GNP. 

Unfortunately, the commercial growth of freeze- 
dried foods has not reached a point where com- 
parisons of these rates of gro^h can be made. 
Freeze-dried foods did attain the lowest absolute 
economic level ($50 million) in 4 years versus 10 
years for frozen foods, but because of the 36-year 
interval bet\reen the introduction of the two inno- 
vations, this comparison is somewhat meaningless. 



6. Major Technological Innovations in thO Pharmaceutical Field 



The study of recent major technological inno- 
vations in the pharmaceutical field differs from the 
other portions of this investigation since the pri- 
mary impact of pharmaceutical innovations has 
been more social than economic. Although the 
pharmaceutical industry is not p insignificant 
part of our industrial economy (industry output 
m 1964 exceeded $800 million), the social effects of 
pharmaceutical innovations have far outweighed 
this economic contribution. To a large extent, 
the present concern for the population explosion 
is a direct outgrowth of these technological inno- 
vations: Antibiotics have reduced death rates^ at 
all age levels and contributed to the ever-increasing 
lifespan of our popula-tion ,• furthermore, they have 
made important contributions to the general health 
and well-being of thir country’s population, re- 
sulting in such indirect benefits as greater overall 
labor productivity due to fewer illnesses and a re- 
duction in lost working time by members of the 
labor force. ^ . . 

Two recent technological innovations m the 
pharmaceutical field are of particular interest to 
this investigation— vitamins and antibiotics. Not 
only have these two products made important con- 
tributions to the health of our country and of the 
world, but together they comprise the major por- 
tion of the output of the pharmaceutical industry. 
Mtibiotics accounted for approximately 60 per- 
cent of total industry output in 1963, and vitamins 
an additional 12 percent. 

Vitamins 

Vitamins are organic compounds that are a 
minute but very essential part of everyone’s diet. 
The existence and nature of vitamins was fimt 
demonstrated in a medical study of beriberi in 
1897 (see exhibit 26). The next step in the dis- 
covery of vitamins occurred 15 years later, when 
scurvy was found to be a disease caused by vitamin 
deficiency. By 1927, it became clear that vitamins 
played an important health role as further research 
demonstrated a definite connection between vita- 
min deficiencies and such diseases as rickets, pel- 
lagra, and pernicious anemia. Most of the re- 
search during this 30-year period was concentrated 
on problems and diseases associated with dietary 
deficiencies, with only a limited effort to develop- 
ing answers to these problems. 



Exhibit 26. Ohbonoloqy of the Discoveey and Develop- 
ment OP Vitamins 

Basio Research and Inveetigation: 

1897 ; TOTtmnn Induced beriberi in chickens, restored them to 
health by controlling their diet, and established the 
concept of deficiency diseases. 

1912; Holst and Frohlleh produced and cured scurvy in 
guinea pigs, thereby identifying foods containing anti- 
scorbutic agents. 

Inouiation Period: 

1913; The existence and effects of vitamin A were first 
recognized. 

1918 : Mellanby determined that a vitamin was the effective 
agent in cod Uver oil that controUed rickets. 

1922 ; Vitamin B was first Identified by Evans and Bishop. 

1924 ; Investigators determined that the salutary effects of 
sunlight on humans were due to formation of vitamin 
D in the body as a result of ultraviolet radiation. 

1925 : Goldberg demonstrated that pellagra was a deficiency 
disease. 

Oommeroial Development: 

1920; Jansen and Donath isolated Thiamine (vitamin Bx), 
the first vitamin obtained in pure form. 

1927 : Minot and Murphy discovered that pernicious anemia 
could be treated with large amounts of whole liver. 

1930 ; Pure vitamin D was Isolated by several groups in Ger- 
many and England. 

1932; Ascorbic acid (vitamin C), the antiscurvy agent, was 
isolated. 

1933 ; The chemical structure of vitamin A was established. 

1933; Rlbofiavln was recognized as a vitamin (Ba). 

1934 ; Dam induced hemorrhages in chickens through lack of 
vitamin Ei. 

1936 ; Vitamin B was isolated in a pure form. 

Oommeroial Growth: 

1937 ; The approximate date when vitamin C, ascorbic acid, 
was Introduced commercially. 

1937 ; Nicotinic add (Niacin) was Identified as the vitamin 
involved in pellagra. 

1938 ; Vitamin Bj was Isolated independently by five differ- 
ent laboratories. 

1938 ; The chemical structure of vitamin B was determined. 

1938 ; Folic acid was discovered. 

1939 ; Vitamin Bj was synthesized. 

1939; Snell and Strong Introduced the microbiological 
method for determining the vitamin content of foods, 
replacing the crude and costly animal diet technique. 

1940 ! Vitamin K was Isolated and chemically Identified. 

1942 ; Snell demonstrated the existence of two other forms 
of vitamin Be. 

1946; The nature of folic acid was established. 

1948 ; Vitamin Bu was isolated. 

1950 ; The human ailment caused by lack of vitamin Bj was 
established. 

1966 ; The chemical structure of vitamin Bu, the most com- 
plicated vitamin structure known to date, was 
determined. 

The first vitamin was isolated in 1926 with the 
discovery of vitamin Bi, the key to the control of 
beriberi, after a 26-year search. The second vita- 
min to be isolated, vitamin 0, required 20 years of 
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Exhibit 27 . The Pace of Vitamin Research 
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research. From this point, the pace of research 
and development in the vitamin field began to ac- 
celerate rather rapidly Tsee exhibit 27.). 

This acceleration can oe attributed to two fac- 
tors — the refinement of research techniques and 
the commitment of more time and funds to the 
task of isolating vitamins as their importance to 
health became increasingly evident. However, 
the time required to isolate some vitamin com- 
pounds was also a function of their complexity, 
the reason that 21 years was required to isolate the 
most complex vitanm, B 12 . After these vitamins 
were isolated, additional time was needed to deter- 
mine their chemical structure and discover how to 
synthesize them before commercial production 
could be undertaken. 

The first commercial production of vitamins 
began in about 1937, with the introduction of vita- 
min C, and was followed 2 years later by niacin. 
The commercial OTowth of vitamins has been less 
than ^ectacular for three reasons : 

1. The development of new vitamin compounds 
has taken place over a long period of time. 

^ 2. Vitamin compounds are relatively inexpen- 
sive when produced in large quantities. 

3. The total per capita consumption of vitamins 
is by necessity very low because daily requirements 
are small. 

^ In combination, these factors place a very defi- 
nite limitation on the potential size of the vita- 
min market, and, therefore, on its past and future 
rate of commercial growth. 

Antibiotics 

The role of bacteria in causing infection has 
been known to medical science since the time of 
Pasteur in the 1870’s, but very little work was done 
on developing agente that would attack bacteria 
within the body until the last 25 years. Most of 
the earlier research was concerned with antiseptic 
agents. Penicillin, the first antibiotic, was acci- 
dentally^ discovered by Fleming in 1929, but the 
publication of his results did not arouse interest 
for another 10 years (see exhibit 28). This lack 
of interest is particularly difficult to explain since 
Fleming demonstrated that penicillin was not 
toxic to human cells, whereas the antiseptics then 



Exhibit 28 . Chronology of the Discovery and Develop- 
ment OF Antibiotics 

Inoudition Period: 

1 929 : Sir Alexander Fleming announced the accidental dis- 
covery of penicillin and its strong antibacterial 
action. 

1939 : A group of investigators at Oxford undertook a study 
of penicillin. 

Oommerclal Development: 

1940: The Oxford group, headed by Sir Howard Florey, 
succeeded in concentrating penicillin and demon- 
strated its remarkable curative properties. 
Oommerclal Qrototh: 

1941 : After developing methods of production and extrac- 
tion, Florey induced U.S. authorities to begin pro- 
duction of penicillin. 

1944 : Production of penicillin was stiU regarded as ex- 
perimental, with nearly the entire output destined 
for the Armed Forces. 

1944 : Streptomycin was first identified. 

1945 : Penicillin began to reach civilian markets. 

1967 : Chloramphenicol, the first of the broad spectrum anti- 
biotics, was identified and tested. 

1948 : Chlortetracycline (aureomycin) was discovered and 
tested. 

1960: Oxytetracycline (terramycin) was discovered. 

1960 : Chloramphenicol was chemically synthesized. 

1963: Tetracycline (achromycin) became available, largely 
replacing aureomycin and terramycin in medical 
practice because it produced fewer side reactions. 

in common use were even more toxic to human cells 
thanbacteria. 

^ Initial commercial develtmment work on peni- 
cillin was begun at Oxford in 1939, and vnthiD 
2 years it was in production. Much of the impetus 
to its commerci^ development and growth was 
provided by wart'me requirements, and during 
World War II the Government purchased the 
entire penicillin output of the pharmaceutical 
industry. 

Penicillin proved so effective as an antibiotic 
that it spurred considerable research in this field 
during and after the war. As a result, more than 
500 antibiotic agents have been investigated in 
depth, but only about 10 percent of these com- 
pounds have proved suitable for clinical use, and 
three — penicillin, dihydrostreptomycin, and tetra- 
cycline — account for the major portion of indus- 
try output. Of these, tetracycline has displayed 
the most dramatic growth, reaching an output 
level of $150 million within the first 4 years of its 
introduction. 

The commercial growth of antibiotics has been 
much faster than vitamins, partially because its 
commercial development and growth were largely 
financed by the Federal Government, but more 
importantly because antibiotics are considerably 
more costly than vitamins. For example, the aver- 
age price per pound for antibiotics was $301 in 
1950 and $67 in 1964 — approximately 10 times the 
per pound cost of vitamins. However, antibiotics, 
like vitamins, appear to have a ceiling on their use 
(there being just so much disease in this country) 
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Exhibit 29 . The Economic Geowth op Technological Innovations in the Phabmaceutioal Field 




that limits the size of the market for these phar- 
maceuticals. 

Conclusions 

A comparison of the rate of commercial growth 
for both vitamins and antibiotics, as well as the 
growth of the entire pharmaceutical industry, is 
^own in exhibits 29 and 30. As suggested above, 
antibiotics have had a considerably i^ter rats of 
commercial growth than vitaniii^, principally be- 
cause the size of the total antibiotics market has 
been considerably larger. Both these innovations 
reached a level of output equal to 0.02 percent of 
GrNP in 5 years, but antibiotics continued this 
rapid growth, reaching a level of 0.10 percent of 
GNP in 10 years. The output of vitamins has yet 
to reach a level equal to 0.05 percent of GNP and 



probably never will. This comparison illustrates 
the importance of the total market in determimiig" 
the economic impact of an innovation. 



Exhibit 30 . Compaeativb Bates op Commbecial 
Geowth for Antibiotics and Vitamins 
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7. Major Technological Innovations in the Transportation Field 



The automobile and the airplane are particularly 
fitting subjects for this investigation of techno- 
logical innovations because perhaps in no other 
area have advances in technology been more dra- 
matic during the last 60 to 70 years than in the field 
of transportation. The development of the auto- 
mobile and other motor vehicles (trucks, tractors, 
motorcycles, etc.) provided a personal mode of 
tran^ortation with unparalleled mobility and 
spee(Tj and at the same time brough many far- 
reaching social and economic changes which have 
created major problems in our society. For ex- 
ample, the rapid growth of the suburbs with the 
subseq^uent decline in urban populations and air 
pollution by exhaust gases are both directly and 
mdirectly associated with the increasingly impor- 
tant role the automobile has come to play in our 
lives. 

The impact of the automobile on this country’s 
economy is undeniable. Automobile manufacture 
accounts for an important portion of the output 
of the steel and flat glass industries, and it is a 
simificant consumer of plastics, aluminum, 
fabrics, and other materials. Manufacturers or 
motor vehicles and parts employ over 600,000 peo- 
ple, and an additional 2,400,000 are employed in 
areas directly related to the industry ; for example, 
gasoline and service stations and car dealers. 
Added to this total are the many thousands of em- 
ployees in industries supplying the auto industiy 
and its component suppliers with basic raw mate- 
rials. Furtiier, the petroleum industry owes its 
growth and most of its present size directly to the 
motor vehicle industiy. By virtue of its size (in 
1964, industry output was $19.1 billion) the motor 
vehicle indu^iy has become one of the keystones 
in our national economy. 

In a similar manner, the development of the air- 
plane as a means of public transportation is also 
producing significant changes in our economy. 
By increasing the speed by which individuals and 
freight can be transported by a factor of 10 during 
the last 40 to 50 years, the airplane has contrib- 
uted greatly to the elimination of traditional 
regional and national boundaries and has helped 
foster the emergence of a truly national economy. 
With the continuing development of larger capac- 
ity high speed aircraft, another major new factor 
is being introduced into the transportation econ- 
omy of this country. 

The aircraft industry has also become an im- 
portant part of our industrial economy ; although 
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not as great as that of the motor vehicle industry, 
it is still substantial. The industry’s output, ex- 
cluding military aircraft production, currently 
exceeds $1 billion, and commercial airline revenues 
are in excess of $3 billion. In terms of employ- 
ment, there are over 400,000 workers in the indus- 
try, excluding those engaged in missile and space 
work, with an additional 200,000 employed in the 
commercial airlines. 

Motor Vehicles 

The development of the automobile occurred 
with the industrial revolution underway and at the 
end of a century deeply involved in the develop- 
ment and exploitation of any and all sources of 
power — steam, hot air, ammonia, and later, gas, 
oil, and gasoline (see exhibit 31). Power sources 
were being used in stationary as well as mobile 
applications, but the initial impetus was fumislied 
by continuing experimentation with various mobile 
power sources, particularly the steam engine and 
the resultant steam powered vehicles. Concepts 
were evolved and mechanisms invented for the 
steam-driven vehicle which were employed later 
in the design of internal combustion engines and 
the automobile. By 1850, steam engine design for 
mobile application was at a technical plateau, and 
interest and activity were being redirected to- 
ward the development of smaller, more efficient 
and safer engines. 

Although the automobile is often looked upon 
as a “tmkerer’s product,” the key to its develop- 
ment actually lies in two scientific discoveries — the 
definition of the laws of thermodynamics, which 
permitted a more specific approach to engine de- 
sign, and the development of processes to convert 
coal to gas. Hie latter, plus the exploitation of 
petroleum deposits in the United States for il- 
luminating gas, provided a high-energy readily 
available Stemative to steam. Largely because of 
these events, a commercially successful gas engine 
was developed by 1860, followed in 1886 by a four- 
cylinder internal combustion engine. 

Considering the interest in the internal com- 
bustion engine, the incubation period for the auto- 
mobile was quite long— 17 years. Two technical 
deterrents were largely responsible for this delay. 
The first was that internal combustion engines, ini- 
tially designed for stationary powerplant applica- 
tions, were consequently too cumbersome and 
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Exhibit 31 . Chronoloqt of the Discovery anp Develop- 
ment OF THE Automobile 

Basio Research and Investigation: 

1680: The first explosion engine (using gunpowder) with a 
piston and cylinder was developed. 

1600: The first piston and cylinder steam engine was In- 
vented. 

1769: The high-pressure steam engine was developed by 
Watt using principles similar to those found in the 
modern engine. 

1770: The first steam powered vehicle was developed by 
Cugnat to pull artillery. 

1821 : The steam powered vehicle was Introduced as a com- 
mercial product. 

1833 : Differential gearing was developed. 

1844: Goodyear patented the vulcanized rubber tire. 

1846: Joule formulated a mathematical statement of the 
first law of thermodynamics relating heat and 
mechanical energy. 

1851: A compressed gas engine ignited by a jump spark 
was patented. 

1860 : Gas engine with an electric spark ignition three times 
more efficient than steam engines was developed by 
Lenols. 

1866 : Otto and Langen perfected a successful two-cycle and 
four-cycle gas engine. 

Incubation Period: 

1872 : A two-cylinder engine using fuel oil was patented by 
Brayton in the United States. 

1880 : A gasoline engine was invented in England by Lawson. 

1883: Daimler developed and manufactured a high-speed, 
self-lgnitlon, gasoline-operated engine. 

1887 : First car powered by the Daimler engine was manu- 
factured. 

1889: The pneumatic tire was patented by Dunlop (Ireland). 

1890 : Olds Gasoline Engine Works was organized. 
Oommeroial Development: 

1892: The automobile chassis was designed by Levassor 
(Prance). 

1893 : Pontiac Buggy Co. was Incorporated. 

Oomme,oial Growth: 

1895: The first United States designed and manufactured 
automobile was marketed. 

1897 : Olds Motor Vehicle Co. was organized. 

1899 : The first factory for the exclusive production of auto- 
mobiles was built. 

1902 : Cadillac Motor Co. was organized. 

1903 : Buick Motor Co. was organized. 

1903 : Ford Motor Co. was established. 

heavy to be used as mobile powerplants. The sec- 
ond lay in the very complicated flame i^ition sys- 
tem used on internal combustion engines which 
were unable to achieve the high rate of rotation 
required for motor vehicle applications. These 
problems were resolved m 1883 when Daimler in 
Uermany developed and patented an internal com- 
bustion engine with the desired characteristics. 

The subsequent period required to develop a 
satisfactory commercial motor vehicle engine was 
very short. In France, less than 4 years elapsed 
between the development and application of Daim- 
ler’s high-powered internal combustion engine to 
an automwile for commercial production. By 
! 1890, France’s automobile industry was well es- 

tablished and in production. The establishment 
of the automobile industry in this country lagged 
behind France’s by about 10 years, since much of 
the experimentation in motor vehicles was being 



undertaken by individuals and small firms with 
very little knowledge of the progress being made 
in Europe. Surprisingly, initial commerci^ inter- 
est in the automobile was shown by bicycle manu- 
facturers, at that time a growing industry, who 
were among the first to produce electric and gaso- 
line powered cars. 

With the commercial inti’.. Idction of the auto- 
mobile in 1895 by bicycle manufacturers, carriage 
and wagon manufacturers also logically entered 
the business. By the turn of the century, a number 
of firms were actively engaged in manufacturing 
automobiles, and a variety of steam, electric, and 
gasoline powered cars were being produced. As 
the industry grew, a split between the high-priced 
and low-priced cars developed which climaxed 
with the introduction in 1908 of Ford’s Model T 
and the formation of the General Motors Corp. 
Ihe next 5 years were a period of considerable tur- 
moil in the automobile industry. As mass produc- 
tion techniques and moving assemblyline were in- 
troduced the result was a reduction in the cost of 
motor vehicle manufacturing to where this inno- 
vation began to have widespread consumer appeal. 

The automobile presents an interesting study in 
the adaptation of technology to meet consumer 
demands. The key technological innovation was 
not the automobile itself, but the lightweight in- 
ternal combustion engine. When incorporated 
into a carriage, it became a new mode of transpor- 
tation. With the introduction of mass production 
techniques, the cost of motor vehicles declined to 
where widespread consumer ownership was possi- 
ble. In addition, a crude but usable road system 
existed because oi horse drawn carriage transpor- 
tation requirements. Furthermore, a prinutive 
fuel distribution network already existed because 
of the widespread use of kerosene for home heating 
and lighting. With these supporting factors 
already in existence, the motor vehicle industry 
was able to grow rapidly, reaching a level of $1 
billion by 1916 and $3 billion by 1926. It has con- 
tinued this growth in modem times. 

Air Transportation 

During the 1800’s, considerable interest existed 
in airship development, primmly in such lighter- 
than-air types as balloons, gliders, and even kites 
(see exhibit 32). Although patents were granted 
for steam engine propelled airships, and several of 
these did get ofi the ground, the heavy weight and 
low power output of the steam engine precluded 
ary successful development of a heavier-than-air 
craft during this period. At the same time, the 
theoretical basis for the science of aerodynamics 
was being developed through these efforts. Scien- 
tific and experimental effort was also being devoted 
to the glider and airplane models and to determin- 
ing aerodynamic design and control requirements. 
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successful development of the lightweight, 
high-power internal combustion engine in 1885 
opened the door to the possibility of finally achiev- 
ing flight in a heavier-than-air craft. After many 
failures, the first sustained flight was achieved in 
1903 by the Wright brothers. 

During the next 5 to 6 years substantial but 
gradual improvements were made in the capa- 
bilities of the airplane. The Wright brothers ex- 
tended their time of flight from the original 12 
seconds to 30 minutes (21 miles) in 1905, and in 
1908 to 2 hours and 20 minutes (90 miles) . By 
1909, airplanes built by others achieved a flight 
-duration record of more than 3 hours, a speed re- 



Exhibit 32. The Chbonoloqt of the Discovert and 
Development of the Aisplane 

lieaearoh and Development: 

1842 : A patent was Issued for a steam driven airplane. 

1846: Stokes developed a series of equations describing 
the motion of viscous fluids. 

1848: The flrst successful flying model airplane -was 
developed. 

1867 : The flrst biplane was designed by Wenham (England). 

18D0- 

1900 : Detailed sclentlflc gliding experiments by Chanute 
and others helped establish the principles of aerody- 
namic control. 

1896: The flrst motor driven airplane achieved sustained 
flight. 

1901; The Wright brothers conduct wind tunnel tests to 
determine proper aircraft design requirements. 

1902: The Wrights continued their experiments with 
gliders. 

1902 : The role of the airfoil In producing lift was explained. 

1903 : The Wright brothers demonstrated the technical feasi- 
bility of the airplane by achieving a 12-second sus- 
tained flight using a 12-horsepower internal combus- 
tion engine. 

Inouiatlon Period: 

1905: The Wrights extend flight duration to 33 minutes 
covering 21 miles. 

1908 : The capacity for sustained flight was further extended 
to 2 hours 20 minutes. 

1908: A practical monoplane design was Introduced. 

Oommeroial Development: 

1909 : A flight duration record of 8 hours 4 minutes and 66 
seconds, a speed record of 60 miles per hour, and an 
altitude record of 600 feet all were established. 

1900: The U.S. Army placed the flrst order for the manu- 
facture of aircraft with the Wright brothers. 

’Commercial Growth: 

1917 : The Wright-Martln Co. and other plane manufacturers 
were established. 

1918 : The flrst regular airmail service In United States was 
inaugurated. 

1919 : The flrst transatlantic flight by Llndberg was success- 
ful. 

1919 : Commercial airlines began limited activities. 

1926: The Post Office Department turned airmail routes 
over to private Industry. 

1927: Lindbergh’s New York to Paris flight aroused the 
public. 

1928: United Aircraft & Transport Corp. were formed. 

1928: The Aviation Corp. of Delaware (American) was 
formed. 

1930: The Jot engine was Invented by Whittle (England). 

1930: Transcontinental and Western Air (TWA) began 
operations. 

1939 ; The buildup of military aircraft prior to World War II 
was started. 



cord of 50 miles per hour, and an altitude record 
of 500 feet. Considerable activity was also tak- 
ing place in Europe with numerous flights being 
made and shortrun, passenger-carrying operations 
established. Developments were then still mainly 
in the hands of individual designers, inventors, 
and experimenters, but the airplane had reached 
a point where commercial development could 
begin. 

The first order from the U.S. Army for an air- 
plane spmrred commercial development. During 
World War I, design and development activities 
were accelerated, the scientific principles of 
aerodynamics were more rigorously employed, 
metal was substituted for wooden parts, en^es 
were developed specifically for airplanes, and 
frame design was improved. The continued in- 
terest of many individuals and particularly the 
airplane’s military potential resulted in the air- 
craft industry’s coming of age commercially in 
1917 . 

The Post Office Department’s interest and fi- 
nancing of airmail service after the war greatly as- 
sisted Sie initial stage of the aircraft industry’s 
commercial growth, which provided an important 
impetus to me new industry for almost a decade 
until the service was turned over to private indus- 
tiy in 1926. The experience gained through the 
airmail service and the air routes that were estab- 
lished became the base for the emerging com- 
mercial airline industry. The future of commer- 
cial aviation was also aided considerably by Lind- 
bergh’s New York to Paris flight, which altered 
the general public’s apathetic attitude toward air- 
planes and doubts about their safety. 

Large commercial airline holding companies 
began to appear in 1928. During the next 15 years, 
tedmological progress continued with the develop- 
ment of new commercial aircraft and engines. 
Again war, this time World War II, brought mili- 
tary demands for aircraft which resulted in a 
substantial acceleration in aircraft technology. 
First the turboprop was produced, and later the 
jet engine. The overall freight and passenger 
capabilities of military, and eventually civilian 
aircraft were also generally improved. 

Very important to the commercial growth of 
aircraft transportation is the Federal Govern- 
ment’s role in the creation of the industry. World 
War I purchases of military aircraft gave the in- 
dustry a substantial commercial impetus, increas- 
iug sales from almost nothing to ^ove the $50- 
mfllion level in a very short time. Unfortunately, 
sales dropped almost as quickly after the war and 
with no sustained military buying, there was prac- 
tically no growth in either the aircraft or commer- 
cial airline industries for the next 10 years. 

The second impetus to the industry’s commer- 
cial growth was provided by the Po^ Office De- 
partment. At that time, the airplane was stiU 



o 

ERIC 



APPENDIX 



11-83 



somewhat of a curiositj^, commercial airline com- 
panies were small and still in the “puddlehopping” 
stage, military purchases had fallen off completely, 
and aircraft companies Lad very few customers. 
The^ inauguration and. continuation of airmail 
service provided sufficient income for^ fledgling 
companies to maintain their interest until the time 
that aircraft and airline companies would achieve 
the necessary public support to sustain themselves. 
Even to this day, airmail revenues are still an im- 
portant aspect of the airline industry’s revenue. 

The more recent Federal Government contribu- 
tion to the technological progress of the aircraft 
and airline industries is well known. Kesearch 
and development efforts during World War II and 
the Korean war resulted in the jet engine and iet 
transport which was adopted almost directly W 
the commercial airlines. More recently the Fed- 
eral Government has undertaken the development 
of a very large cargo transport which is expected 
to have direct applications in commercial air trans- 
portation, and it is financing most of the develop- 
ment work on a supersonic transport for passenger 
use. Thus, it is apparent that the Federal Gov- 
ernment is largely responsible for the development 



and growth of the air transportation industry as 
we know it today. 

Conclusions 

The commercial growth of the motor vehicle in- 
dustry is shown in exhibit 33, which provides a 
dramatic illustration of the contribution of this 
innovation to the overall growth of our economy 
during the last 20 to 25 years. Prior to World 
War ll, the motor vehicle industry’s growth 
closely reflected the condition of the country’s 
economy, increasing substantially during the pros- 
perity 01 the 1920’s, declining rapidly during the 
early 1930’s, and recovering again just before the 
war started. However, the commercial growth of 
the motor vehicle industry after the war end^ 
saw the industry’s output increase from $1.2 bil- 
lion in 194:5 to $10.2 billion by 1955, and it has 
continued to increase until, in 1964:, it was slightly 
less than $18 billion. 

The commercial growth of the air transporta- 
tion industry is shown in exhibit 34:, which in- 
cludes conunercial airline revenues along with 
output from aircraft manufacturing. This pre- 



ExHiBiT 33. Economic Gbowth off the Motob Vehicle Industbt 
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Exhibit 34 . Economic Gbowth of the Airoeaft Industry 
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sente an entirely different picture, with the pros- 
perity and growth of the industry closely tied to 
military rather than consumer requirements. The 
extent of the Federal Government’s participation 
in this industry is also vividly demonstrated. The 
lower curve on the graph represents the combined 
total of commercial airline revenu^ and output of 
aircraft for private and commercial applications. 
The area between the two curves represents the 
Federal Government’s purchases of aircraft for 
military use during World War II. The extent 
of these and of purchases during the Korean war 
is predictable, but it is surprising to see that mili- 
tary aircraft purchases currently account for 
slightly more than 80 percent of the air transpor- 
tation industry’s total output. 

Exhibit 35 provides a direct comparison between 
the relative and absolute rates of economic growth 
for both innovations. The relative rate of eco- 
nomic growth for motor vehicles exhibited the 
rapid but steady increase discussed above. Twenty 



Exhibit 35 . Comparative Rates of Commercial 
Growth for Motor Vehicles and Air Transportation 





Lapsed time from com* 
mercial introduction (years) 


Criteria for evaluation 


Motor 

vehicles 


Air trans- 
portation 


Date of commercial introduction , 


1895 


1917 


Relative economic criteria in percent of QNP: 

n.m . ___ __ 


5 


8 


n.ns. 


7 


17 


mn _ 


0 


25 


nifi , _ _ _ 


10 


26 


n.9n 


11 


26+ 


0.2S. 


13 


28 


0.60 


15 


29 


n.7s__ _ _____ _ __ _ 


17 


30 


1.00. 


20 


30+ 


Absolute economic criteria in $miUion output: > 

sn _ . 


8 


10 


ino ___ __ _ 


10 


11 


250. 


12 


20 


600 


15 


21 


van . ____ 


16 


22 


1,000 


17 


23 


1,600 


20 


23+ 

24 


2,000 


28 







> Adjusted to the 1957-59 index of wholesale prices. 
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years after commercial introduction, the motor 
vehicle industry had reached a level of output 
equal to 1 percent of GNP — a more rapid overall 
rate of economic growth than any other studied 
in this investigation, and approached only by tele- 
vision. At the present time, the output of the 
motor vehicle industry is equal to approximately 
2.9 percent of GNP. 

lliis chart also confirms that the aircraft trans- 



portation industry had a relative slow rate of com- 
mercial growth during its early years. Eight years 
were required to attain an output equal to 0.02 per- 
cent of GNP, and an additional 9 years to reach 
the next level, 0.05 percent of GNP. The rapid 
rate of economic growth for this industry was, 
then, primarily a result of the artificial stunulus 
provided by the military requirements of World 
War II. 



o 

ERLC 



8. Other Recent Major Technological Innovations 



In addition to innovations that fall into “fam- 
ilies,” three others with no common denominator 
were selected for inv^tigation because they are 
expected to have an important influence on our 
industrial economy during the next 5 to 10 years. 
These innovations — electronic computers, nuclear 
power generation, and numerical control — are 
rather recent compared to many of the others re- 
viewed in this study. Of them, only electronic 
computers have attained a level of commercial 
gro^h sufficiently large to be valuable in assessing 
the rate of diffusion of technology ; the other two 
have only recently attained the lower levels of 
economic growth. Nevertheless, all three inno- 
vations provide an opportunity for an insight into 
recent changes in the rate of development of tech- 
nolo^ and, particularly, the extent to which Fed- 
eral Government sponsorship of research and de- 
velopment influences this rate of development. 

Electronic Computers 

The electronic computer must rank as one of the 
outstanding technological developments of the last 
25 years. While mechanical calculating and tab- 
ulating machines have been in existence since the 
early 1900’s, the electronic computer introduced a 
new concept in information recording and analysis 
by permitting information to be processed many 
times faster and more accurately than any previous 
methods. Although simple in concept, this ability 
has far-reaching effects, since the effective control 
of business, scientific, and Government activities 
involves the accumulation, transmission, process- 
ing, and analyzing of information. Furthermore, 
computers permit information processing which 
hitherto has been impractical, if not impossible, 
with electromechanical calculating equipment. 

The computer’s impact on industry, government 
and science has already been substantial in the 
relatively short time since its development; it is 
expected to be even greater in the future. The 
computer was originally used for scientific and 
mathematical calculations and routine bu. , ;ss ap- 
plications. However, increased operating speeds, 
larger memories, and, particularly, greater knowl- 
edge and experience in applying them effectively 
to complex problems are enabling computers to be 
used in many new applications — process and equip- 
ment control, information storage and retrieval, 
11-86 



engineering design, language translation, and com- 
munications. 

The electronic computer is interesting as a tech- ^ 
nolo^cal innovation in that the scope of computer I 
applications was rapidly and contmually broad- j 
ened by technological developments in other fields, , 
particularly electronic circuitry. In addition, j 
computer technology was generally available to . 
almost any intere^ed company, but it was most 
successfully exploited by one. International Busi- j 
ness Machines Cqrp. The Federal Government has , 
layed a continuing role in the computer industry, . 
^ oth as a major customer for computers and, more , 
importantly, as the primary source of research and , 
development funds for advanced computer systems . 
for both military and commercial applications. , 

Fundamental research in the electronic com- , 
puter field has proceeded in two separate steps. . 
The first was the successful development and com- 
mercial exploitation of unit-record machines (tab- 
ulating card equipment) that tabulate and com- 
pute; and second, the successful design of an 
electronic computer with internal programed con- 
trol. The evolutionary aspects oi electronic com- 
puter development date back to 1885 with the de- 
velopment of the first mechanical computing 
machine to add and count U.S. census data (see 
exhibit 36) . Further development and refinement 
of electromechanical equipment such as keypunch 
machines, printers, card readers, and punches 
(which are still required as input and output ma- 
chines for electromc computers) took place over ! 
the next 50 yeare. Between 1929 to 1944, research j 
efforts were directed at developing mechanical | 
and electrical relay computers, culminating in the ; 
automatic sequence controlled calculator, ^e first i 
large scale electromechanical computer. ! 

At this point, t^hnological developments began 
to move quite rapidly as a result of wartime devel- 
opments in the electronics area. For example, 
vacuum tubes increased computing speeds by a fac- 
tor of 1,000 oyer the electromechanical computer. 
The introducing in 1948 of two new concepts — 
the internally stored program and the “computer 
memory”-— transformed the computer from a high- 
speed adding machine to its present status of “elec- 
tronic brain.” Further developments in magnetic 
recording technology and the development of 
transistors and other semiconductor devices per- 
mitted even larger memory storage and faster proc- 
essing rates. As a result the computer became 
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Exhibit 36 . Chronology of the Discovery and Develop- 
ment OF Electronic Computers 

Basic Research and Investigation: 

1822-32 : Babbage proposed the design of a “difference engine 
to construct and print mathematical tables and an 
analytical engine for scientific calculation.” 

1886 : Hollerith developed the punched-card counting ma- 

chine for tabulating the 1890 census. 

1890: Relay apparatus was developed for controlling 

complex electrical switching. 

1911 : The development and marketing of mechanical tab- 

ulating card equipment was Initiated. 

1923 : The electric key punch was Introduced. 

1925: The horizontal card-sorting machine was Intro- 

duced. 

1928 : Standards for punched cards were established. 

Incubation Period: 

1929-44 : A number of special computing machines, Including 
the first large scale electromechanical computer, 
the automatic sequence controlled calculator (with 
a capacity of three additions per second), were 
developed. 

Oommereial Development: 

1946 : The first vacuum tube electronic computer, ENIAC 

(with a capability of 6,000 additions per second), 
was put Into operation at Aberdeen Proving 
Ground. 

1948 : The first electronic stored program computer with 

large electromechanical relay memory (SSCE) was 
constructed. 

1948 : The small electronic 604 computer was Introduced 

by IBM. 

1949: The Edsac computer employing a mercury delay- 

line memory was developed. 

Oommereial Growth: 

1961: The UNIVAC I computer became the first elec- 

tronic computer Introduced for commercial appli- 
cations. 

1953 : The first solid state computer was delivered. 

1956: The magnetic core storage computer was an- 

nounced. 

1969 : The first thln-film Integrated circuits for computer 

memory were developed. 

1966: Delivery of the first Integrated circuit computers 

for commercial applications began. 

not only technically but economically feasible for 
a wide range of scientific and business applications. 

Technological advances have continued to plaj 
an important role in the development of electronic 
computers of varying sizes and types. Memory 
sizes have continued to increase at lower costs, proc- 
I essing speeds have increased, and “software’^ pro- 
graming has become more sophisticated. In 1965, 
the third generation of electronic computers using 
microelectronic circuits was introduce. Because 
the new machines have even greater technical and 
economic capabilities, they are expected to further 
enlarge the scope of electronic computers further 
I to encompass “shared time” and “on-line” data 

I processing concepts. 

Nuclear Power Generation 

Nuclear power generation has yet to make its 
mark on our economy, with second generation nu- 
clear power electrical plants only now reaching the 
design stage. Compared to the total output of the 
electric utflity industry, the contribution of nuclear 



energy to power generation is barely measurable. 
However, toe growing acceptance of nuclear power 
by the major utilities is evident in the announced 
expansion and now installation of nuclear power 
generation plants, which indicate that the major 
technological and safety problems have been re- 
solved. W ith the trend to larger central generat- 
ing stations, nuclear power is expected to improve 
its cost relationship in comparison to coal-powered 
generating plants, with toe result that nucl^r 
power generation plants will play an increasing 
role in the country’s total electric generating ca- 
pacity. 

The his tory of the development of nuclear energy 
and its application for electric power generation 
is fairly well defined in a series of fundamental 
scientific discoveries and developments ^see ex- 
hibit 37). Over the last hundred years, tne mys- 
teries 01 the atom have attracted many scientists, 
a number of whom have won the Nobel prize for 
their work in such areas as atomic theory, funda- 
mental particles, radiation and energy, atomic 
structure, natural and artificial raciioactivity, nu- 
clear transmutation, isotopes, and isotope separa- 
tion. Fundamental research was done over a con- 
siderable period of time with no end objective other 
than the resolution of the atom’s mysteries at the 
most fundamental scientific level. ^ This basic re- 
search culminated with the practical demonstra- 
tion of nuclear fission in 1942, with the first con- 
trolled chain reaction at the Univereity of Chic^o. 
Although crude in comparison with modern-day 
nuclear power reactors, it demonstrated the tech- 
nical feasibility of obtaining large quantities of 
heat energy from the atom. T^his practical demon- 
stration of nuclear energy resulted from the Fed- 
eral Government’s interest in the military poten- 
ital of an uncontrolled release of nuclear energy. 
Without this incentive, the basic research would 
have probably extended into niany more years. 

A large amount of technical enort, research 
facilities, and financial investment was required 
to resolve the technological problems of power re- 
actor desim and the a^ociated problems of mate- 
rials development, fabrication techniques, chemical 
prcxjessing, and control and instrumentation. 
During World War II, the Federal Government 
expended major funds and efforts on the d^ign 
and construction of power reactors for m.ilitary 
use, particularly naval applications, as well as a 
series of experimental reactors to study the many 
pro'blems associated with nuclear power reactor 
design. These experiences accelerated the even- 
tual introduction of the commercial power reac- 
tors for electrical generation. 

A particularly difficult technical problem arose 
from the large number of designs available for 
commercial power reactors. This was eventually 
resolved in favor of the watercooled, thermal, non- 
breeder, and heterogeneous reactors, principally 
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Exhibit 37. Chronology of the Discovery and Devel- 
opment OF Nuclear Power Generation 

Basic Research and Investigation: 

1890 : Henri Becquerel ubaerved the emission of sponta- 

neous radiation for uranium. 

1898 : Pierre and Marie Curie conducted further investi- 

gations of radioactive elements. 

1900 : Max Planck developed a quantum theory. 

1905 : Albert Einstein postulated the theory of relativity. 

1911 : Ernest Rutherford defined the concept of the 

atomic nucleus. 

1914 : Experiments with the conversion of matter to 

energy demonstrated the validity of Einstein’s 
equations. 

1930-32: The neutron was discovered and confirmed. 

1932: The “cascade” gaseous diffusion principle for 

separation of isotopes was discovered. 

1936 : Niels Bohr formulated the theory of neutron cap- 

ture and nuclear disintegration. 

1938: Atomic disintegration of uranium (fission) was 

discovered by Hahn and Strassman. 

1942: The first practical demonstration of controlled 

nuclear chain reaction took place at the University 
of Chicago. 

Incubation Period: 

1943: The Oak Ridge reactor for producing plutonium 

was placed in operation. 

1943: The reactors at Hanford for producing uranium 

were put in production. 

1943: A gaseous diffusion plant to separate from 

U®* was constructed. 

1945 : The first atomic bomb was exploded. 

1946 : The Atomic Energy Act of 1946 (the civilian con- 

trol bill) was passed by Congress. 

1948-56 : Experimental nuclear reactors for naval applica- 
tions were developed and tested. 

1951: The industry participation program to encourage 

development of power reactors was established. 

1951-53: Construction of the AEC’s first series of experi- 
mental reactors was begun. 

Oommerdal Development: 

1954 : A 60,000 kilowatt unit at Shippingport, Pa., jointly 

financed by Duquesne Light Co. of Pittsburgh and 
the Atomic Energy Commission, was announced. 

1954 : The Atomic Energy Act of 1964, with strong en- 

couragement for private development of nuclear 
power generation, was passed by Congress. 

1955 : Commonwealth Edison, Consolidated Edison, and 

Yankee Electric announced plans to build full scale 
nuclear power generation plants. 

Commercial Growth: 

1960 : Electrical power was first generated by the 210,000 

kilowatt Dresden nuclear generating plant of 
Commonwealth Edison. 

1960 : The 185,000 kilowatt Yankee plant was placed in 

commercial operation. 

1962 : The 275,000 kilowatt Indian Point nuclear power 

plant owned by Consolidated Edison was placed in 
operation. 

1963 : A 495,000 kilowatt plant was announced by Con- 

necticut-Yankee for completion in 1967. 

1965: A 800,000 kilowatt Dresden-II plant due to be 

completed in 1969 was announced. 

1965 : A second plant (1,000,000 kilowatt-hours) by Con- 

solidated Edison to be in operation by 1969 wa5 
announced. 

because of the demonstrated success of the naval 
reactor program, the AEC’s experimental reactor 
program, and the experiences of industrial com- 
panies. Commercial development of reactors for 
power generation started in 1954 with the an- 
nouncement of a 60,000-kilowatt electric plant at 



Shippingport, Pa. It was followed by the passage 
of the Atomic Energy Act of 1954, which encour- 
aged the participation of industry in the develop- 
ment of nuclear energy for electrical generation 
through programs jointly funded by the AEG and 
utility companies. In 1955,^ three utility com- 
panies announced plans to build full-scale nuclear 
power generating plants. 

The continued growth of the nuclear power gen- 
eration field has been fostered by further financial 
assistance from the AEG, active interest and 
participation by the electrical utilities, and manu- 
facturers of nuclear equipment, and by the result- 
ing solution of many technical problems. As a 
result, 11 nuclear power electrical generating 
plants with a total capacity of 1,042,000 kilowatts 
have been built to date, and produced 25,970 mil- 
lion kilowatt-hours of electricity by ^64. The 
future role of nuclear power generation is well 
defined. The 11 “first generation” nuclear plants 
placed in operation between 1957 and 1966 have 
a total electrical capacity of 1,250,000 kilowatts; 
the “second generation” plants now under con- 
struction or expected to be completed between 1967 
and 1975 will have an estimated total electrical 
capacity of 14,180,000 kilowatts. At a capital 
cost of $200 per kilowatt, this is equivalent to an 
investment of almost $3 billion between 1967 and 
1975. Of all projected new electrical generating 
plant capacity, it is estimated that 46 percent will 
consist of nuclear plants by 1980, compared to 
oifiy 6 percent in 1965. 

Numerical Control 

Three basic types of manufacturing techniques 
are used throughout almost all of industry — mass 
roduction, continuous process, and job shop pro- 
uction. Two of these, mass production and con- 
tinuous process manufacturing, are similar in that 
they are both concerned with high volume, low 
unit cost manufacturing of standard products on 
highly mechanized and automated machinery and 
production equipment. Mass production manu- 
facturing is typically found in the automotive and 
appliance industries, whereas continuous process 
manufacturing is found in the steel, petroleum, 
aluminum, chemical, and cement indu^ries. In all 
of these, production requirements justify the large 
capital investment for specially designed equip- 
ment. Job shop production is concerned with the 
manufacture of a large variety of items in small 
quantities on flexible, general-purpose production 
equipment. It is less widely known than the other 
two manufacturing processes, but it is an impor- 
tant element in our industrial economy. An esti- 
mated 75 percent of all production in the metal- 
working industries in this country is in quantities 
of 50 items or less, and this job shop type of manu- 
facturing is found to some extent in most indus- 
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tries. It is important to this investigation because 
numerical control will have its greatest impact in 

this area. , ,, , ^ • -c 

Numerical control is probably the most signin- 
cant new development in manufacturing tech- 
nology since Henry Ford introduced the concept 
of the moving assembly line. It brings to j ob shop 
production many of the manufacturing economies 
now available only with highly automated ^oduc- 
^ tion systems. Although numerical controUias ap- 
plications in many areas of manufactunng, for 
example, assembling and wiring electronic circuit 
boards and producmg engineering drawings and 
; flame-cutting metal templates, its most sigmficant 
application is in the control of metal-cuttmg ma- 
chine tools. Numerical control provides instruc- 
tions to these machine tools in the form of coded 
instructions punched on paper tape. These m- 
: structions control the operation of the machine, 

: position the item to be machined, and select the 
proper cutting tools for each operation. They en- 
able the machine tool itself to perform most of the 
functions that are done by the machine operator on 
conventional machine tools. 

The concept of a flexible system for controlling 
the operation of production machinery has a far 
longer history than generally realized (see exhibit 
38). Ihe first patent on such a machine was is- 
sued in France in 1725 to Falcon, who developed 
a knitting machine controlled by a perforated 
card. Another French inventor, Jacquard, pat- 
ented a knitting and weaving machine controlled 
by punched cards in 1804. In 1916, an American, 
Scheyer, patented a continuous-path cloth cutting 
machine tor the garment industry that was 
trolled by perforations in a roll of paper siinilar 
to that used on a player piano. Twenty-four 
years later, this concept of controlling machines 
with ^^programed” instructions was applied to 
chine tools. All these developments incorporated 
the basic principles of numerical control, but since 
the control systems were primarily mechanical in 
nature, they lacked the versatility and reliability 
needed for widespread commercial application. 

The commercial development of numerical con- 
trol in its present form started with a pr^osal to 
the U.S. Air Force by John Parsons Corp. to 
study the feasibility of developmg a numerically 
controlled jigboring machine tool to produce in- 
spection templates for helicopter blades. The mi- 
tial study was undertaken in 1948 by the Parsons 
Corp. and later by Massachusetts Institute of 
Technology. While this mvestigation was under 
way, the Air Force made a comprehensive study 
\ of manufacturing requirements for its future air- 
craft. This study indicated that the changmg 
structural characteristics of the new aircraft and 
their vastly higher cost, which limited the number 
of aircraft that could be purchased, prohibited the 
massive toohng programs that characterized air- 
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Exhibit 38 . Chbonoloqy op the Disc.yVEBV and Devel- 
opment OP Numebically Contbolled Machine Tools 

Basic Research and Investigation: 

1725: A French Inventor, Falcon, patented a knitting ma- 
chine controlled by a perforated card. 

1804 : Another French Inventor, Jacquard, patented a knit- 
ting and weaving machine controlled by a punched 
card. 

1916 : An American Inventor, Scheyer, patented a continuous- 
path machine for cutting cloth In the garment Industry 
that was controlled by perforations In a roll of paper 
similar to that used to operate a player piano. 

Incubation Period: 

1930 : A patent was Issued to Max Schenker for a method 
for controlling the operation of machine tools by 
punched cards. 

1946: John Parsons proposed the development of a nu- 
mercially controlled jlg-borlng machine to manu- 
facture Inspection templates for helicopter blades. 

Commercial Development: 

1948 : The U.S. Air Force awarded a contract to the Par- 
sons Corp. to Investigate the feasibility of numerically 
controlled machine tools. 

1949 : MIT was Issued a contract by the Parsons Corp. to 
develop a prototype model of a numerically controlled 
milling machine. 

1951 : MIT was awarded the prime contract by the U.S. Air 
Force to continue development of a numerically con- 
trolled milling machine. 

1952: The first prototype of a numerically controlled ma- 
chine tool, a modified vertical milling machine, was 
demonstrated at MIT. 

1953 : MIT made the results of Its research and development 
work on numerically controlled machine tools avail- 
able at no cost to all Interested companies. 

1954 : .A contract was awarded to the Glddlngs & Lewis Co. 
to develop a commercial numerical control system for 
machine tools. 

Commercial Growth: 

1955 : The first commercial numerically controlled machine 
* tools were exhibited at the National Machine Tool 
Show. 

1955 . The U.S. Air Force placed Initial orders for nu- 
'nerJcally controlled machine tools. 

1957 : Numerically controlled machine tools were placed In 
operation at various Air Force contractor’s plants 
throughout the country. 

1960 : Five percent of machine tools on display at the Na- 
tional Machine Tool Show were equipped with numeri- 
cal control systems. 

1962 : The development of low-cost, point-to-point numerical 
control positioning systems expanded the application 
of numerical control In the machine tool field. 

1963 : The Introduction of solid-state electronic controls 
with modular circuit construction Increased the relia- 
bility of numerical control systems significantly. 

1965 : Most of the machine tool manufacturers exhibited nu- 
merical controlled equipment at the National Machine 
Tool Show. 

craft reproduction during World War II. The 
answer, then, lay in highly flexible, versatile pro- 
duction machines, particularly machine tools, 
which could perform a variety of different func- 
tions and be quickly converted from one task to 
another. Since the Parsons-MIT research pro- 
gram held promise of providing the needed an- 
swer, its scope was enlarged. 

The first successful demonstration of a numeri- 
cally controlled machine tool was held at MIT in 
1952, 4 years after the initial feasibility study was 
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started. Based on these results, the Air Force 
contracted a machine tool company to manufac- 
ture numerically controlled machine tools for use 
in the production of military aircraft. The first 
commercial versions of these units were shown at 
the National Machine Tool Show in 1955, and 
since then, numerically controlled machine tools 
have become an important factor in the metal- 
working industries. 

The key to the growing acceptance of numerical 
control for commercial applications was the in- 
troduction of solid-state control units, which pro- 
vided a degree of reliability of operation that made 
numerical control feasible for most commercial 
machine tool applications. As a result, sales of 
numerically controlled machine tools have in- 
creased rapidly, from $48 million in 1961 to $84 
million in 1963. In 1964, sales amounted to $106 
million, 12 percent of total metal-cutting machine 
tool sales. In addition, numerical control is quick- 
ly finding applications in other areas of metal- 
working manufacturing — flame cutting, piercing 
holes, cutting sheets of steel to proper len^hSj ^d 
welding — as well as in such other areas as wnting 



tronic components, and production of engineering 
drawings. 

Conclusions 

Because these three innovations have been in 
commercial existence for a relatively short period 
of time, they provide a limited opportunity to 
measure the rate of commercial growth in our in- 
dustrial economy. Unfortunately, only electronic 
computers have attained a level of economic 
groAvth (see exhibit 39) substantial enough to per- 
mit a comprehensive comparison with technologi- 
cal innovations with a longer history of economic 
growth. The time required for each of these inno- 
vations to reach the economic benchmarks used as a 
basis of comparison in this study are shown in 
exhibit 40. As this chart indicates, electronic com- 
puters have had a more rapid rate of absolute and 
relative economic growth flian the other two inno- 
vations during the early stages of commercial ap- 
plication. In fact, el^tronic computers have had 
a faster overall relative rate of economic ^owth 
than any of the 20 innovations investigated in jliis 
study except radio and television broadcasting. 



of panel boards for computers, assembling elec- 

Exhibit 39. The Economic Growth of Other Recent Technological Innovations 
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Exhibit 40. A Comparison of the Rate of Com- 
mercial Growth for Electronic Computers, Nu- 
clear Power Generation, and Numerical Con- 
trol 



Criteria for evaluation 


Lapsed time (years) 


Electronic 

computers 


Numerical 

control 


Nuclear 

power 

generation 


Date of commercial introduo 

t.inn 


19fi0 

6 

8 

11 

13 

14 
>14 

5 

6 
8 

11 

13 

14 
>14 


1956 

9 

>9 


1957 

>7 


Relative economic criteria in 
percent of QNP: 
n (v> 


0.5 


nin 




0.15 






090 






0,?5 - - _ 






Absolute economic criteria in 
$ million output: ^ 

50 _ _ _ 


6 

10 

>10 


6 

>7 


100., 


9.50 


500 




750 






1 000 






1 600 













1 Adjusted to 1957-69 index of wholesale prices. 



There are two reasons for this rapid rate of growth 
that distinguish electronic computers from others 
with industrial applications: 

1. The market for computers is not limited to 
one industry or group of industries, but, rather, 
it encompasses every facet of business, industry, 
and government. 

2. The unit cost of electronic computers (up to 



several million dollars) is such that even a limited 
number of sales generates a substantial sales vol- 
ume. 

The other two innovations have quite different 
characteristics which also have an important in- 
fluence on the rate of economic growth. Nuclear 
power generation, being directly tied to both the 
consumer and the indu^rial economy^ has an eco- 
nomic potential far greater than either of the 
other two since total power generation revenues in 
tHs country amounted to $14.4 billion in 1964. 
The restrictions on the economic growth of this 
innovation are imposed by the occurrence of incre- 
mental growth in very large individual steps. 
For example, just one of the newest nuclear power- 
generating plants under construction would in- 
crease the total power generated by nuclear energy 
by $10 to $14 million, or 20 to 25 percent of the 
present level. Since it requires 3 to 5 years to 
plan and build one nuclear powerplant, this adds 
a further delay in the rate at which economic 
growth can occur in this field. 

Numerical control is more typical of innovations 
with industrial applications. Although these 
machine tools are expensive when equipped with 
numerical control (up to $500,000 each), their to- 
tal market is small— $874 million in 1964. Be- 
cause of this inherent limitation, it is improbable 
that numerical control could ever achieve a rate of 
economic growth approaching that of electronic 
computers or nuclear power generation. 
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Part II: MEASURING THE RATE OF TECHNOLOGICAL CHANGE 



1. Introduction 

This part of the paper, which is devoted to 
various measures of the rate of technological 
change, begins in section 2 with a discussion of 
what economists generally mean by technological 
change. Section 3 discusses partial productivity 
indexes and presents data based on such indexes 
for various industries. Section 4 discusses results 
based on total productivity indexes, and sections 
5 and 6 present estimates of the rate of tech- 
nological change based on various “production 
functions,” as well as on the assumption that tech- 
nological change is organizational (sec. 5) or 
capital-embodied (sec. 6). Section 7 discusses 
patent statistics, section 8 considers whether or 
not these measures provide any evidence of ^ an 
increase in recent years in the rate of technological 
change. Section 9 discusses the importance of 
technological change in the process of economic 
growth. Section 10 is devoted to a discussion of 
the limitations of the available measures of the 
rate of technological change. Findings are sum- 
marized in section 11. 

2. Technological Change and the Production 

Function 

When technological change is mentioned, one 
ordinarily thinks of a sequence of new products 
and processes — ^nylon, catalytic cracking of petro- 
leum, hybrid com, the B-47, and a host of othere. 
The new processes used and products produced in 
a particular industry during a given period of 
time generally vary enormously in effect and 
importance. To devise an aggregate measure of 
the rate of technological change in an industry, it 
is necessary to define more clearly what we mean 
by technological change. In order to describe 
what an economist means b;^ this term, we must 
begin by discussing five basic concepts — produc- 
tion possibilities, factors of production, produc- 
tion function, constant returns to scale, and best- 
practice techniques. 

(1) ProduGtion fossibUities. At any point in 
time, there exist a number of ways of producing 
a given product : Some use little capital and much 
labor, others much capital and little labor; some 
are cheap, some expensive; some are relatively old, 
some relatively new. Each alternative method is 
called a production possibility. Unfortunately, 
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whether or not a given method is a production pos- 
sibility is not entirely clear cut, since some could 
be brought to perfection if one wanted to devote 
a consi^rable amount of development effort. Al- 
though it is somewhat arbitrary, only those meth- 
ods mat are reasonably well explored or that re- 
quire only a trivial amount of development are 
included here as production possibilities. 

(2) Factors of production. These are the inputs 

required to produce goods— inputs such as laoor, 
materials, equipment, and lancl. To determine at 
any point in time which production possibilities 
are more economical than others, the amount of 
each factor required to produce a given output 
must be known for each production possibility. In 
the case of labor requirements, each type of labor 
can be regarded as a separate factor of produc- 
tion and its quantity can be measured in man- 
hours. Matenals can be measured in their appro- 
priate technical units (e.g., tons of coal).^ The 
measurement of capital is more complicated. 
Since we are interested in comparing methods in 
the long run, when every element that is technical- 
ly variable can be altered, capital can be meas- 
ured in terms of monetary investment, after 
making allowance for the length of life of the 
investment. ^ ^ . . 

(3) Production fu/rwtion. This is a relationship 
between inputs and outputs. The production func- 
tion is a key concept m the measurement of the 
rate of technological change. At any point in time 
it shows the maximum output rate which can be 
obtained from given amounts of the factors of 
production. For example, if we a^ume that there 
are only two factors of production, capital and 
labor, figure 1 shows the production function for 
a particular product at a particular point in time. 
Each curve pertains to a certain level of output 
and shows the various combinations of capital and 
labor that will produce this output. (For exam- 
ple, an output rate of 50 units per year can be 
achieved by using 20 units of labor and 10 units 
of capital per year, or by using 16 units of labor 
and 12 units of capital per year.) Of course, the 
curve does not show all combinations that can pro- 
duce a given output. Omitted are those produc- 
tion possibilities that are teclinically inefficient- 
in the sense that to produce the given quantity of 
output, they use more of one factor and at least 
as much of the other factor than some other 
process. 



i 

I 



DIFFUSION OF CHANGE 



IM9 



Figure 1. Hypothetical Production Function ' 

Amount of capital 
Input per year 




iFlg. shows only part of the Production function. There are 
curves for output levels other than 20, 60, and 100; but for 
simplicity they are omitted from the diagram. 



(4) Constant returns to scale. This means that 
if all inputs are increased by the same proportion, 
output ^so increases by that same proportion. In 
contrast, if output increases under these conditions 
by less (more) than the same proportion, we say 
that there are decreasing (increasing) returns to 
scale. Figure 2a shows a case of dkreasing re- 
turns to scale, with an output of 40 units requiring 
more than double as much capital and labor than 
an output of 20. Figure 2b shows a case of in- 
creasing returns to scale, with an output of 40 
units requiring less than double as much capital 
and labor than an output of 20 units. Figure 
2c shows a case of constant returns to scale. 

(5) Best-praotice technique. At a given date 
this is the one with minimum cost. Figure 3 shows 
the production function, assuming constant re- 



turns to scale. Under these circumstances, labor 
and capital inputs can be expressed on a require- 
ment-per-unit-of-output basis, with a single curve 
resulting for all levels of output in the relevant 
range. To determine the best-practice technique, 
lines (A, B, and C) can be drawn representing the 
combinations of quantities of labor and capitalthat 
can be purchased for a certain amount. For ex- 
ample, figure 3 shows that the best-practice tech- 
nique, given the labor cost of $2.50 an hour, uses 
32 hours of labor and $120 of capital per unit of 
output. 

In the light of these definitions, the economist, 
then, defines technological change as a change 
in the production function. Of cour^, the pro- 
duction function may change for a variety of rea- 
sons. An important advance may be made through 
research of a firm producing the product, by woo- 
ers in the firm’s shops, by a firm supplying mate- 
rials to the industry, or by an independent in- 
ventor. Moreover, the change in the production 
function may take a variety of forms;— improved 
equipment or material, better organization, etc. 
But regardless of its source or form, a technologi- 
cal change, according to the economist, is a change 
in the production function. 

Thus, a comparison of the production fonction 
at two points in time provides the economist with 
a simple measure of the extent and character of 
the technological change that occurred in the in- 
tervening period. For example, if the input re- 
quirements in 1900 and 1960 were given by curves 
1 and 2, respectively, in figure 4, the rate of tech- 
nical change during that period would have 
been less rapid than if the input requirements 
in 1960 were given by curve 3. Indeed, if the 
curves maintain the same shape over time, it is 
possible to represent the average rate of technolc %- 
ical change during the period, i.e., the average 
rate of movement of the production function, by a 



Figure 2. Illustrations of Decreasing, Increasing, and Constant Returns to Scale 
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Figuee 3. Determinants of Best-Practice Technique * 



Capllat rcquticmcnti 
per unit of output 




• Lines A, B, and C represent all combinations of labor and 
capital that can be bought for $200, and $225, respectively. 
The graph clearly shows that $200 is the minimum unit cost for 
the product, and that the best-practice technique uses $120 of 
capital and 32 hours of labor per unit of output. 



siiij^le number which, as we shall see in subs^uent 
sections, can be estimated under certain circum- 
si^nc0S 

Finally, it should be clear that not all changes 
in best-practice technique are due to technological 
change. A great many occur, instead, as a conse- 
quence of changes in factor pric.es. For example, 
if the production function is shown in fi^re 5 and 
if the wage rate increases from $2.50 to $3 an hour, 
the best-practice technitme changes from one using 
50 hours of labor and $50 of capital per unit of 
output to one using 40 hours of labor and $77 of 
capital per unit of output. Y et this change in best- 
practice technique is obviously not due to tech- 
nological change, since there has been none here. 
Turning to a more realistic example, according 
to Brozen [9], “Detroit automation” has been 
largely of this variety. Transfer equipment to 
move work from one automatic machine tool to 
another and interlocking these tools to get higher 
utilization was first used in 1927 by Morris Motors 
but was not economical at the time. That is, it 
did not correspond to the minimum cost point on 

Fiqube 4. Hypothetical Input Requirements at Various 
Points in Time 



Copilot tcqutrr 
per unit of output 




the production function. However, now that wage 
rates have risen and machine tools have become 
more expensive, it does correspond to the mini- 
mum-cost point and consequently it has become a 
best-practice technique.^ 



Figure 5. Change in Best-Practice Technique Due to 
Change in Factor Prices ^ 



Capital requirements 
per unit of output 




Labor requirements per unit of output (hours) 



1 Line A represents all combinations of labor and capital tq - 
quirements per unit of output that can be purchas^ for the 
amount of money equal to the minimum unit cost of producing ^e 
product, given a wage rate of $2,50. Line B represents the same 
fhincr. PTnpnt that the wace rate is $3. 



3. Partial Productivity Indexes and Output per 
Man-Hour 

Two types of productivity indexes, partial and 
total, are in common use. The oldest and most 
commonly studied type of partial productivity in- 
dex is output per man-hour of labor. In addition, 
there are others; for example, output per dollar of 
capital input and output per unit of raw material. 
Tliey are partial in the sense that output is related 
to one input at a time, without recognition of the 
changes in the quantity of other inputs. Thus, a 
rise in labor productivity may be due to the substi- 
tution of capital for labor resulting from changes 
in relative prices, not to technological change. Al- 
though output per man-hour is obviously a very 
incomplete measure of the rate of technological 
change, as defined in the previous section, it is of 
considerable interest because higher productivity 
usually is accompanied by a higher wage rate and 
standard of living. More sophisticated measures 



* Needless to say, it is often extremely dlfidcult to tell whether 
a given change in best-practice technique is due to technological 
change or a change in factor prices. ...... ^ 

This section presents a very simple and crude description of 
these concepts. For a much more complete and precise dis- 
cussion, see Salter [71]. 
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of the rate of technological change will be consid- 
ered in subsequent sections. 

The most comprehensive study of labor produc- 
tivity in recent years [38] draws the following 
conclusions : First, during 1889-1957, the Nation’s 
real output per man-hour of work has been rising 
at an average rate of between 2 and 2.5 percent per 
year. This substantial upward movement shows 
no signs of abating. The productivity gains have 
been widely diffused, real hourly earnings having 
grown about as rapidly, on the average, as output 
per man-hour. They have also been used to pro- 
mote increased leisure, with working hours haying 
been cut by 20 or 30 percent on the average since 
the turn of the century. 

Second, physical output per man-hour in the 
private economy seems to have grown at an aver- 
age rate of about 2.4 percent, somewhat higher 
than the rate of growth of labor productivity in 
the economy as a whole. The relatively low rate of 
growth of productivity in government may be due 
to the fact that measures of government output 
are extremely poor. For this reason, most econo- 
mists have more faith in figures for the private 
economy than for the economy as a whole. 

Third, after World War I, the rate of increase of 
output per man-hour increased. During 1899- 
1919, output per man-hour rose at an average rate 
of 1.6 percent per year; during 1920-57, it grew at 
an average rate of 2.3 percent per year. The 
reasons for this increase are by no means clear. 
Kendrick [38] suggests that it may have been due 
to the spread of me scientific management move- 
ment, the expansion of college and graduate work 
in business administration, the spread of organized 
research and development, and the change in immi- 
gration policy. 

Fourth, output per man-hour rose more rapidly 
during some phases of the business cycle than 
others. Average year-to-year increases in labor 
productivity were greater when business was ex- 
panding (2.4 percent per year) than when it was 
contracting (1.3 percent per year) . The rate of 
increase was poorest in the first phases of contrac- 
tion and highest toward the end of the contrac- 
tion and the beginning of the expansion. In part, 
these cyclical changes may reflect the fact that an 
industry’s work force cannot be adjusted instan- 
taneously to changes in demand and that some 
workers are retained during a recession because of 
the expectation that business will soon improve. 

Fifth, there were considerable differences among 
industries in the rate of increase of output per 
man-hour, as shown in table 1. However, it is 
important to note that these figures are less reliable 
than the national figures. This is partly because 
errors tend to cancel out in the more aggregative 
measures and partly because the output figures 
for individual industries include supplies from 



other industries. Thus, changes over time in the 
extent to which an industry manufactures its own 
supplies can influence the labor productivity index. 
In addition, of course, the rate of technological 
change in one industry results in part from what 
happens in other industries. 



Table 1. Average Annual Rates op Change op 
Output Per Unit op Labor Input, Various Sectors 
OP THE U.S. Private Domestic Economy, 1899-1953 



Sector 


Estimate 

(percent) 


Sector 


Estimate 

(percent) 


Fftrming 


1.7 


Rftvaragps 


1.6 


Mining 


2.6 


H’ohaccn 


6.1 


Metals 


2.6 


Tfixtilps 


2.6 


Anthracite coal 


.7 


Apparal 


1.9 


Bituminous coal 


1.7 


LiimbfiT- 


1.2 


Oil and gftS 


3.4 


Fnmitiira 


1.3 


Nonmetals - 


2.9 

3.4 


Paper 


2.6 


Transportation 


Printing 


2.7 


Raifroads 


2.8 


Chemicals.. 


3.6 


Local transit 


2.4 


Petroleum 


3.8 


Residual transport 


4.1 


Rubber 


4.3 


Communications and 


Leather 


1.3 


public utilities. 


3.8 


Glass 


2.7 


Telephone 


2.0 


Primary metals 


2.3 


Tfilegraph 


1.6 


Fabricated metals 


2.7 


Electric utilities 


6.2 


Machinery, nonelec- 


Maniifaotiirpd gas 


4.7 


tric _ 


1.8 


Natural gas 


3.0 


Machinery, electric 


2.4 


Residual sector 


1.4 


Transportation equip- 
ment 




Manufacturing . 


2.2 


3.7 


Foods 


1.8 





Source: Kendrick,!.. Productivity Trends intheUnited States, VTincoUmf 
1961, pp. 162, 163. 



Sixth, a relatively great increase in labor pro- 
ductivity in an industry generally meant lower 
relative costs and prices and a better-than-average 
increase in the volume of production. Better- 
than-average increases in the volume of produc- 
tion were generally accompanied by better-than- 
average increases in the level of employment, de- 
spite the relatively great increase in output per 
man-hour. Correspondingly, relatively low in- 
creases in labor productivity were usually accom- 
panied by less-than-average increases in output 
and employment. 

4. Total Productivity Indexes 

The total productivity index relates changes in 
output to changes in both labor and capital in- 
puts, rather than to changes in labor inputs alone. 
Specifically, this index equals 

zl+vk^ 

where q is output (as a percent of output in some 
base period), 1 is labor input (as a percent of 
labor input in some base period) , k is capital in- 
put (as a percent of capital input in some base 
period), z is labor’s share of the value of output 
in the base period, and v is capital’s share of the 
value of the output in the base period. Substitut- 
ing each period’s values of q, 1, and k into this 
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formula, ono can easily compute the value of the 
index for each period.'^ 

This index has important advantages over the 
partial productivity mdexes, the most important 
being that it takes account of the change over time 
in the amount of capital inputs. The substitution 
of capital for labor will increase output per man- 
hour, regardless of whether it is due to cmnges in 
factor prices or to technological change, i he total 
productivity index is less likely to be mnuenced 
by capital-labor substitution due to changes in 
factor prices. Indeed, if the curves (isoquants) 
in figure 4 are straight lines, this index provides 
the ‘^correct” measure of the rate of technolomcal 
change, i.e., the rate of movement of the produc- 
tion function.® 

Kendrick [38] used the above formula, or vari- 
ants of it, to estimate the rate of increase of total 
productivity in the United States. His principal 
results are as follows: First^ during 1899-1957, 
total productivity for the private domestic eom- 
omy increased by about 1.7 percent per year. Sec- 
ond, there seems to have been an increase in the rate 
of productivity advance to about 2.1 perce^ per 
year in the period following W orld War I. Third, 
the rate of productivity mcrease seems to have 
been higher in communications^ and transporta- 
tion than in mining, manufacturing, and farming 
(table 2) . Fourth, within manufacturing it seems 
to have been highest in rubber, transportation 
equipment, tobacco, chemicals, printing, 
f^ricated metals, textiles, and petroleum (table 
2). Fifth, there was a positive correlation be- 
tween the rate of growth of output and the rate 
of productivity increase both by industries and 
by periods. . 

In addition, Domar and his associates [19j pre- 
sented results for the United States, United Kmg- 
dom, Germany, Japan, and Canada during the 
period since World War II. Their findings, pre- 
sented in table 3j indicate that the rate of increase 
of total productivity was higher in Germany and 
Japan than in the United States and Canada, and 
hi&er in the United States and Canada than in 
the United Kingdom. However, if capital inputs 
had been adjusted for underutilization, the United 
States, United Kingdom, and Canada might have 
turned in a better performance. Examination of 
the results by sector indicates that in Canada and 
the United Kingdom agriculture and public utili- 
ties had the highest rates of productivity incre^e; 
in Germany, agriculture; in Japan and the United 
States, public utilities, transportation, and com- 
munication. 



*This formula comes from Domar 
able commentary on Kendrick’s book L^S]. Fm an alternative 
definiUon of the total productivity index, see Domar s eq. (3)- 
3 TTifit is it roDrGSGnts £i corrGCt niGasurG if thG 5 

function is’ Y(t)=C(t) [al(t) -j-bK(t)], where Y(t) is deflated 
outnut at time t. l(t) Vs Wor input in physical terms at time t, 
S?) Is capital physica terms at time t, a a^ b are 

constants, and Cft) represents an index of technology. See 
Domar [17]. 



Table 2. Estimates of Annual Rate of Increase of 
Total Productivity in Various Sectors of the U.S. 
Private Domestic Economy, 1899-1953 



Sector 



Farming 

Mining 

Metals 

Anthracite coal 

Bituminous coal — 

Oil and gas 

Nonmetals 

Transportation 

Railroads 

Local transit 

Residual transport. 
Communications and 
public utilities... 

Telephone 

Telegraph 

Electrical utilities.. 
Manufactured gas.. 

Natural gas 

Residual sector 

Manufacturing 

Foods 



Estimate 
(percent 
per year) 


Sector 


1.1 


Beverages 


2.2 


I’obacco 


2.2 


Textiles 


.7 


Apparel 


1.6 


Lumber 


3.0 


Furniture 


2.6 


Paper 


3.2 


Printing 


2.6 


Chemicals 


2.5 


Petroleum 


4.0 


Rubber 




Leather 


3.6 


Glass 


2.0 


Primary metals 


1.8 


Fabricated metals 


5.5 


Machinery, nonelec- 


4.7 


tric 


2.0 


Machinery, electric—. 


1.3 


Transportation 


ZO 


equipment 



Estimate 
(percent 
per year) 



1.6 

3.5 

2.4 
1.7 
1.0 

1.4 

2.3 

2.6 

2.9 

2.4 

4.1 

1.2 
2.6 

1.9 

2.6 

1.7 

2.2 

3.5 



1.7 



Source; Kendrick, J., Productivity Trendi in the United Statee, Princeton, 
1961, pp. 136-137. 



Table 3. Estimates of Annual Rate of Increase of 
Total Productivity, United States, Canada, United 
Kingdom, Germany, and Japan, in Percent 



Economy 

Private economy - 

Private nonfarm economy 

Sectors: 

Agriculture - 

Forestry, fishing, trapping-... 
Mnlng, quarrying, oil wells. . 

Manufacturing 

Construction 

Public utUities 

Transportation and com- 
munication — — - — 



Finance, insurance, real estate 

Other services 

Government 



United 




United 


Ger- 


States 


Canada 


King- 


many i 


1948-60 


1949-60 


dom 

1949-59 


1950-59 1 


N.A. 


1.2 


0.6 


3.6 


1.4 


N.A. 


.7 


N.A. 


N.A. 


N.A. 


N.A. 


N.A. 


2.6 

N.A. 


2.0 

.7 


} 12.0 


} 4.3 } 


N.A. 


.9 


. 3 


3.4 


2.6 


1.4 


1.7 

».2 


N.A. 

.1 


.6 




2.0 


M.9 


j 




L5 


1.8 

i-1.0 


• L6 1 


. N.A. 


-.6 




■ }n.a. 

. N.A. 


.6 

} 


} 

-2.8 


• 1.4 J 



3.7 

3.8 

3.9 

L2 

-.6 

4.1 

2.2 

4.5 

-.5 

4.1 

e.7 



1 1950-59. 

3 1953-59. 

» 1950-58. 

N.A.=Not available. 



Source- Domar E., S. Eddie, B. Herrick, P. Hohenberg, M. Intrmigator, 
andl. Miyamoto, “Economic Growth Productivity in the TMtedS^^^ 
Canada, United Klngdoim Qemany, and Ja^n in t^e Post War Period, 
nf 75 Vnnnm#/*» and SicUitiics* February 1964, table 6. 



5. Rates of Organizational Technological 
Change 

The total productivity indexes assume implicitly 
that the isoquants in figure 4 are straight lines, 
which in turn implies that the extra production 
resulting from the addition of an extra man-hour 
of labor is independent of the amount of capital 
used. The curves in figure 4 seem more reason- 
able.^ Economists have made a number of esti- 



< For an elaboration of this point, see Domar [17], p. 601. 
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mates of the rate of technological change based on 
assumptions compatible with isoquants having this 
more reasonable shape. 

Solow [79], in an important paper published m 
1957, provided an estimate of the rate of techno- 
logical chaime for the nonfarm economy during 
1908-49. assumed constant returns to scale, 
that capital and labor were paid their marginal 
products,® and that technological change was neu- 
tral.® The results suggest that for the entire period 
the average rate of technological change was about 
1.5 percent per year, but there is some evidence 
that the 



average rate of progress in the years 190&-29 was 
smaller than that from 1930-49. The first 21 relative 
shifts average about nine-tenths of 1 percent per year, 
while the last 19 average 2.6 percent per year. Even 
if the year 1929, which showed a strong downward 
shift, is moved from the first group to the second, there 
is still a contrast between an average rate of 1.2 per- 
cent in the first half and 2.3 percent in the second. 



Massell, in an article published in 1960 [55], 
presented a similar sort of estimate for TJ.S. manu- 
facturing. Aside from his study having pertained 
to a much smaller portion of the entire economy, 
the main differences from Solow’s procedure were 
in Massell’s time period (1919-55) and his use of 
a somewhat more sophisticated technique to adjust 
capital stock figures to reflect idle capital. Mas- 
sell’s estimate of the annual rate of technological 
change for manufacturing during this period was 
about 2.9 percent. In contrast with Solow, his 
results show little or no evidence of a higher rate 
of technical change during the thirties and forties 
than in previous decades. Massell attributes this 
difference to f’.screpancies in the ways in which 
he and Solow adjust the capital stock figures for 
idle capacity. 

Arrow, Chenery, Minhas, and Solow [5] ob- 
tained an estimate of the rate of technological 
change for the nonfarm economy, based on Solow’s 
figures for 1909-49, and somewhat different as- 
sumptions about the shape of the curves in figure 4. 
Their result was 1.83 percent, which agrees pretty 
well with Solow’s estimate of 1.5 percent. 

The studies described thus far in this section 
I were concerned with very large and heterogeneous 
1 segments of the TJ.S. economy. Further studies 

1 have been carried out to estimate the rate of tech- 

I nological change for somewhat smaller, more 
I homogeneous units. Ando [2] has provided esti- 
mates for the consumption-goods and the capital- 
goods industries in the United States during 
1901-28 and 1951-57. Of course, any separation of 






‘That Is. a factor of production receives payment oqual to the 
alue of the extra promictlon for which It is responsible. See. 
or example, J. Bain, Pricing Distribution and Employment, Holt, 
953 

®If technological change Is neutral, the production function 



lafVwrlTteiTas^^^^ where the symbols 

re defined in note 3 above. See Solow [79]. n j. 

7 Solow [79], p. 316. The 2.6- and is-percent figures reflect 



ubsequent correction in data. 



census or other industries into these two categories 
is bound to be rough, but the results are nonetneless 
of considerable interest. According to his findings, 
the rate of technological change equaled about 1.3 
percent in both industries in 1901-28. During 
1951-57, it was about 1.7 percent in the consump- 
tion-goods industry and about 1.2 percent in the 
capital-goods industry. 

Massell’s results, shown in table 4, pertain to 
1946-57. The estimates of the rate of technologi- 
cal change vary from 3.8 percent in lumber to 0.3 
percent in fabricated metal products, the weighted 
average (weighting by an industry’s output) being 
1.9 percent. 

At first glance one is perhaps surprised to find 
lumbering at the top of the list . . . and primary and 
fabricated metal products at the bottom .... The 
peculiarity of these results could be an indication of 
nonneutrfll tochdical change in these industries. 



Table 4. Estimates op the Rate op Technological 
Change, Two-Digit Manupacturing Industries, 
1946-67 



Industry 



Lumber and wood prod- 
ucts 

Electrical machinery 

Chemicals and products.. 
Stone, clay, and gloss 
products - 



Transportation equip- 
ment 

Pulp, paper, and prod- 
ucts - 

Machinery, except elec- 
trical 

Petroleum and coal prod- 
ucts 



Estimate 
(percent 
per year) 


Industry 


3,8 


Textile mill products 

Food and kindred prod- 


3,7 


ucts 


3.5 


Leather and leather 


2.5 

2,4 


goods 

Rubber products 


Furniture and fixtures. - 


2.4 


Instruments and related 
products ^ - 


Apparel and related 


2.3 


products - 


Tobacco manufacturers.. 


2.0 


Primary metal products. 


1.9 


Fabricated metal prod- 
nets _ 





Estimate 
(percent 
per year) 



1.6 

1.4 

1.1 

1.0 

1.0 

1.0 

.9 

.8 

.4 



Source: Massell. B., “A Disaggregated View of Technical Change,*^ 
Journal of Political jEconomp, 1961, p. 554. 



Finally, other studies of individual industries have 
been made by Liu and Hildebrand [44], Ferguson 
[23], Dhrymes and Kurz [16], and Griliches [27]. 
Unfortunately, space does not permit discussion 
here. 

6. Rates of Capital-Embodied Technological 
Change 

In previous sections technolo^cal change was 
implicitly assumed to be organizational, i.e., all 
teclinological progress consists of better methods 
and organization that improve the efficiency^ of 
both old capital and new. Examples of such im- 
provements can be found in various advpces m 
industrial engineering (e.g., the use of time and 
motion studies) and operations research (e.g., the 
use of linear programing) . Although technologi- 
cal change of this sort has undoubtedly been im- 
portant, it is clearly not the only type that has oc- 



* Massell [56], p. 561. 
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curred. On the contrary, many changes in tech- 
nology must be capital-embodied if they are to be 
utilized. For example, the introduction of the 
continuous wide strip mill in the steel indust^ and 
the diesel locomotive in railroads required new 
investment in plant and equipment. No one really 
knows the extent to which technological change m 
recent years has been capital-embodied, but the 
available evidence seems to indicate that a great 
deal has been of this kind. 

If technological change is assumed to be capital- 
embodied and not organizational, somewhat dif- 
ferent methods should be used to estimate the rate 
of technological change. Jil a study based on capi- 
tal-embodied change published in 1959, Solow [80J 
estimated that the rate of technological change in 
the private economy during 1919-53 was 2.5 per- 
cent per year, higher than his earlier estimate 
based on the assumption that technological change 
was organizational. ^ 

Turning to individual industries^ Mansfield [45 J 
estimated the rates of capital-embodied teclino- 
logical change in 10 two-digit manufacturing in- 
dustries during 1946-62. The resulte, shown m 
table 5, suggest that it was highest in motor ve- 
hicles and instruments; next highest in food, chem- 
icals, electrical equipnient paper, and apparel ; and 
lowest in machinery, furniture, and glass. As ex- 
pected, the estimated rates of capital-embodied 
technological change generally exceed the esti- 
mated rates of organizational technical change, 
shown in table 4.® There is relatively little correla- 
tion between them, but both sets of estimates con- 
tain substantial sampling errors. Mansfield [46] 
also estimated that the rate of capital-embodied 
technological change in the railroad industry dur- 
ing 1917-59 was 3 percent per year. 

Table 5. Estimates of Rate of Cafital-Embodied 
Technological Change, 10 Two-Digit Manufac- 
turing Industries, 1946-62 



Industry 


Estimate 
(percent 
per year) 


Industry 


Estimate 
(percent 
per year) 


Chemicals 

Machinery 


3.7 

“>4,7 

3.4 

8.3 


Electrical equipment 

Stone, clay, and glass — 
Furniture 


3.6 

1.6 
1.0 
3.0 
8.6 




Apparel 


T«ofM1TY> Ante 


Motor vehicles 







was organizational, the other assuming that it was 
capital-embodied. The results are shown in table 
6. In part III of this paper, some hypotheses will 
be examined that may explain observed differences 
among firms in the rate of technological change. 

Table 6. Estimates of the Rate of Technological 
Change, Organizational and Cafital-Embodied, 
10 Chemical and Petroleum Firms, 1946-62 



Firm! 


Organiza- 
tional 
(percent 
per year) 


Capital- 

embodied 


Firm> 


Organiza- 
tional 
(percent 
per year) 


Capital- 

embodied 


n 


0.4 


0,6 


FI 


0,3 


2,1 


C .9 


2,4 


6.2 


F2 


1,9 


5,0 


pa 


2,6 


2,0 


F3 


3,2 


6.6 


PA 


1.4 


3.6 


F4 


1,1 


9,6 


PK 


W 


6.3 


F5 


1,8 


8, 8 













> Less than zero. 

source: MansHeld, E., “Rates of Return from Industrial Research and 
Development," American Economic Beview, May 1965. 

Finally, let us turn to estimates of the rate of 
technological change in individual firms. Mans- 
field [45] has provided estimates for 10 large chein- 
ical and petroleum firms in the postwar period, 
with one set assuming that technological change 

®For rGfisons why thG r£it6S of cfipitJihonibodiGd tGchnolociCfll 
change would be expected to exceed the rates of organizational 
?&®oloIlcal Change" see E. Phelps “The New View of Invest- 
ment, Quarterly/ Journal of Economics, November 1062. 



i Basic data were ootamea irom me nrais wuu tuu 
firm names would not be divulged. Thus, Cl stands for the first chemical 
firm, FI stands for the first petroleum firm, etc. 
s Less than zero. 

Source: Mansfield, E., “Rates of Return from Industrial Research and 
Development,** American Economic Eetdew, May 1966. 

7. Patent Statistics 

The number of patents issued is sometimes used 
as a crude index of the rate of technological 
change. "TOether such statistics are used as a 
measure of inventive input or output, they are ob- 
viously a very rIitu reed on which to base conclu- 
sions. For one thing, tlie average importance of 
the patents granted at one time and place may 
differ from those granted at another time and 
place. For another, the proportion of the total 
inventions patented may vary considerably. None- 
theless, it IS of interest to see what the patent 
statistics suggest. 

Studies of patent statistics indicate at least tour 
things: First, as an industry grows older, the rate 
of patenting tends to increase first at an increas- 
ing rate, then at a decreasing rate, and finally to 
db. ine. More specifically, the amount of patent- 
ing seems to be highly correlated with the output 
and investment of the industry. Kuznets [42] 
and Merton [57] showed that this was tlie case 
for typewriters, sewing machines, plows, electrical 
appliances, cotton machinery, weaving machinery, 
spuming machinery, telegraphy, telephony, auto- 
mobiles, airplanes, and radio. Stafford’s more ex- 
t6iisiv6 study [81] yicldGd further support for this 
hypothesis, as did Schmookler’s study [74] of the 
raiuroad, petroleum refinmg, horseshoe, and con- 
struction industries. 

Second, according to Griliches and Schmookler 
[30], the patent rate in an industry tends to lag 
behind its output rate. Correlating the number 
of patents on processes in an industry with value 
added 3 years before, they found that 84 percent 
of the variation in the patent rate could be ex- 
plained. Third, turning from individual indus- 
tries to the entire economy, the number of patents 
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granted per year tends to rise and fall with the 
business cycle. For the United States as a whole, 
Graue [26] found considerable correlation, after 
removing trends fi’om both series, between the level 
of industrial production and the number of me- 
chanical patents issued. Sclimookler [76] found 
a significant correlation between patent applica- 
tions and variable production inputs, both ex- 
pressed as deviations from trend. ^ 

Fourth, turning from comparisons over time to 
those among industries at a given point in time, 
the number of patents tends to be directly related 
to the value added in an industry. That is, indus- 
tries with high value added account for more pat- 
ents than those with low value added. Schmookler 
and Brownlee [77], using data for 18 manufactur- 
ing industries, show that this relationship is quite 
strong, particularly when the patent data are 
lagged several years behind the value added data. 
(The coefficient of correlation, which is higher in 
more recent years, exceeded 0.9 in 1917.) More- 
over, Griliches and Schmookler [30] show that 
this relationship persists when the effects of in- 
dustry size are taken into account. 



8. Has There Been an Increase in the Rate of 
Technological Change? 



Using the measures de^ribed above^ is there any 
evidence that technological change is occurring 
more rapidly now than in the past ? This is a very 
important question, bearing on a number of the 
major issues and problems facing the Commission. 
It is easy to find statements by economic and oth- 
ers asserting that the rate of technological change 
in the postwar period is much more rapid than be- 
fore the war^ and it is equally possible to find state- 
ments asserting the opposite. For example, J ohn 
Diebold [15] has stated that . . the aggre- 
gate productivity figures would not reveal any ab- 
normally high productive influence in the postwar 
economy,” and Lee DuBridge [20] has asserted 
that“. . . the recent introduction of automation 
has produced no radical change in trend.” 

The primary evidence on this score is of three 
types. First, we can point to studies of the be- 
havior of output per man-hour. According to 
Ewan Clague and Leon Greenberg [11], the aver- 
age rate of increase of output per man-hour in the 
total private economy during 1947-61 was 3 to 3.3 
percent, depending on the source of the data, 
whereas the 1909-61 average was 2.4 percent. Ac- 
cording to Kendrick and Sato [39], the average 
rate of increase of output per man-hour in the pri- 
vate domestic economy was 2.84 percent during 
1948-60, as compared with 2.36 percent during 
1919-60. According to the Council of Economic 



M Diebold [16], p. 48 of Automation, edited by M. Phlllpson, 
Bandom House, 1962. 
w DuBridge [20], p. 31. 



Advisers [13], the average rate of increase during 
1947-63 was l2 percent, as contrasted with 2.2 per- 
cent during 1919-47. Thus, regardless of which 
study one cites, the rate of increase of output per 
man-hour in the postwar period seems higher than 
that before the war. 

Second, we can point to studies to^ determine 
whether the relatively high rates of increase in 
output per man-hour durmg 1961-63 can be ex- 
plained by cyclical and transitory factors affect- 
ing productivity. The Council of Economic Ad- 
visers [13] carried out several statistical analys^ 
of nonfarm productivity gains of 1949-60 to esti- 
mate the effects on productivity of the average age 
of equipment, the rate of growth of output, and 
the degree of capacity utilization. Findings were 
then used to estimate the increase in productivity 
that might have been ejected in 1961-63 if the 
past relationship held. The results suggested that 
the increases in 1961-63 were either about equal 
to the expectation or in excess of it by amounts 
ranging up to 1 percentage point. 

Third, we can point to Judies based on total 
productivity indexes and on indexes based on other 
assumptions regarding the shape of the produc- 
tion function. For reasons given in section 4 
above, these indexes are generdly s^erior to out- 
put per man-hour. Kendrick and Sato [39] find 
that the average annual rate of increase of total 
productivity in the private domestic economy dur- 
mg 1948-60 was 2.14 percent, as compared with 
2.08 percent during 1919-60. ^ Assuming that tech- 
nological change was organizational, Nelson [61] 
estimated the average rate of technological change 
as 1.9 percent in 1929-47, 2.9 percent in 1947-54, 
and 2.1 percent in 1954^60. Assuming technologi- 
cal chaise was capital-embodied and taking 
changes in labor quality roughly into account, it 
averaged 1.5 percent in 1929-47, 2 percent in 1947- 
54, and 1.2 percent in 1954-60. Thus, there is 
some evidence that the rate of tec.mological change 
has been higher since World War II, out the d - 
•foF'onpo iR miip.Ti small fir than that indicated bv 



the behavior of output per man-hour. 

Thus, according to the studies cited here, the 
rate of increase of output per man-hour has b^n 
greater after World War II than before. Using 
more sophisticated measures of the rate of tech- 
nological change^ the^ difference between the pre- 
and postwar penods is smaller but usually in the 
same direction. However, these measures pe 
rough, a point that must be emphasized and which 
will be elaborated further in section 10 below. 



9. Technological Change and Economic Growth 

Another important question, which has been of 
considerable interest to economists and which bears 
on the Commission’s task, is to what extent has the 
economic growth of the United States been due, to 
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granted per year tends to rise and fall with the 
business cycle. For the United States as a whole, 
Graue^ [26] found considerable correlation, after 
removing trends from both series, between the level 
of industrial production and the number of me- 
chanical patents issued. Sclimookler [76] found 
a^ significant correlation between patent applica- 
tions and variable production inputs, both ex- 
pressed as deviations irom trend. 

Fourth, turning from comparisons over time to 
those among industries at a given point in time, 
the number of patents tends to be directly related 
to the value added in an industry. That is, indus- 
tries with high value added account for more pat- 
ents than those with low value added. SchmooMer 
and Brownlee [77], using data for 18 manufactur- 
ing industries, show that this relationship is quite 
strong, particularly when the patent data are 
lagged several years behind the value added data. 
(The coefficient of correlation, which is higher in 
more recent years, exceeded 0.9 in 1947.) More- 
over, Griliches and Schmookler [30] show that 
this relationship persists when the effects of in- 
dustry size are taken into account. 

8. Has There Been an Increase in the Rate of 
Technological Change? 

Using the measures described above, is there any 
evidence that technological change is occurring 
more rapidly now than in the past ? This is a very 
important question, bearing on a number of the 
major issues and problems facing the Commission. 
It is easy to find statements by economists and oth- 
ers asserting that the rate of technological change 
in the postwar period is much more rapid than be- 
fore the war,^ and it is equally possible to find state- 
ments asserting the opposite. For example, Jolm 
Diebold [15] has stated that . . the aggre- 
gate productivity fibres would not reveal any ab- 
normally high productive influence in the postwar 
economy,” and Lee DuBridge [20] has asserted 
that“. . . the recent introduction of automation 
has produced no radical change in trend.” 

The primary evidence on this score is of three 
typ^. First, we can point to studies of the be- 
havior of output per man-hour. According to 
Ewan Clague and Leon Greenberg [11], the aver- 
age rate of increase of output per man-hour in the 
total private economy during 1947-61 was 3 to 3.3 
percent, depending on the source of the data, 
whereas the 1909-61 average was 2.4 percent. Ac- 
cording to Kendrick and Sato [39], the average 
rate of incre^e of output per man-hour in the pri- 
vate domestic economy was 2.84 percent during 
1948-60, as compared with 2.36 percent during 
1919-60. According to the Council of Economic 



“Dleb^d [16], p. 48 of Automatiorij edited by M. Phllipson, 
Itandom House, 1962. 

« DuBridge [20], p. 31. 



Advisers [13], the average rate of increase during 
1947-63 was percent, as contrasted with 2.2 per- 
cent during 1919-47. Thus, regardless of which 
study one cites, the rate of increase of output per 
man-hour in the postwar period seems higher than 
that before the war. 

Second, we can point to studies to determine 
whether the relatively high rates of increase in 
output per man-hour durmg 1961-63 can be ex- 
plamed oy cyclical and transitory factors affect- 
ing productivity. The Council of Economic Ad- 
visers [13] carried out several statistical analyses 
of nonfarm productivity gains of 1949-60 to esti- 
mate the effects on productivity of the average age 
of equipment, the rate of growth of output, and 
the degree of capacity utilization. Findings were 
then used to estimate the increases in productivity 
that might have been ejected in 1961-63 if the 
past relationship held. The results suggested that 
the increases in 1961-63 were either about equal 
to the expectation or in excess of it by amounts 
ranging up to 1 percentage point. 

Third, we can point to studies based on total 
productivity indexes and on indexes based on other 
assumptions regarding the shape of the produc- 
tion function. For reasons given in section 4 
above, these indexes are generally superior to out- 
put per man-hour. Kendrick and Sato [39] find 
that the average annual rate of increase of total 
productivity in the private domestic economy dur- 
mg 1948-60 was 2.14 percent, as compared with 
2.08 percent during 1919-60. Assuming that tech- 
nological change was organizational, Kelson [61] 
estimated the average rate of technological change 
as 1.9 percent in 1929-47, 2.9 percent in 1947-54, 
and 2.1 percent in 1954-60. Assuming technologi- 
cal change was capital-embodied and taking 
changes in labor quality roughly into account, it 
averaged 1.5 percent in 1929-47, 2 percent in 1947- 
54, and 1.2 percent in 1954-60. Thus, there is 
some evidence that the rate of technological change 
has been higher since World War II, Dut the dif- 
ference is much smaller than that indicated by 
the behavior of output per man-hour. 

Thus, according to the studies cited here, the 
rate of increase of output per man-hour has been 
greater after World War II than before. Using 
more sophisticated measures of the rate of tech- 
nological change, the^ difference between the pre- 
and postwar periods is smaller but usually in the 
same direction. However, these measures are 
rough, a point that must be emphasized and which 
will be daborated further in section 10 below. 

9. Technological Change and Economic Growth 

Another important question, which has been of 
considerable interest to economists and which bears 
on the Commission’s task, is to what extent has the 
economic growth of the United States been due to 
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technolofflcal change? The U.S. rate of economic 
growth has occupied an important plaw in the 
press and in speeches by academicians, civil serv- 
ants, businessmen, and labor leaders, impor- 
tant issue in the 1960 presidential election, it has 
remained in the public eye throughout the sixties. 

In the baldest terms, the rate of economic growth 
is the rate at which tne production of goods and 
services is increased per capita. Economists and 
others generally feel that it is desirable for the 
United States to maintain a high rate of economic 
growth. Beyond the obvious reason that the rate 
of increase of a people’s standard of living is of 
importance, three major arguments are made in 
support of this view : First, the cold war requires 
that we maintain our economic lead over the So- 
viet Union; second, we have many unmet domes- 
tic needs — for example, for more and better 
schools, more extensive and better public health, 
further urban redevelopment, and better urban 
transportation — ^and, barring an increase in the 
ratio of public to private expenditures, the rate 
at which these needs can be met is dictated by the 
rate of economic growth ; third, to expand at the 
needed rate our contribution to the economic de- 
velopment of the poorer nations, we must accel- 
erate our own rate of economic growth. 

Over the relatively long run, our rate of eco- 
nomic growth has compared favorably with most 
other countries, but during the fifties our 2.2 per- 
cent rate compared less favorably with 6.1 percent 
for Japan, 4.7 percent for Italy, 4.5 percent for 
Germany, 3.6 percent for Franc^and 2.8 percent 
for Sweden. Only the United Kingdom, with a 
1.7 percent rate was lower.^^ Accepting the argu- 
ments for a high rate of economic growth and 
confronted by what seemed to be relatively poor 
performance in this regard, the Administration 
repeatedly expressed concern over the situa- 
tion. On November 17, 1961, the United States 
joined with other members of the Organization 
for Economic Cooperation and Development 
(OECD) in setting as a target the attainment of 
a 4.1-percent annual increase in GNP during 
1960-70. In its 1964 annual report, the President^ 
Council of Economic Advisers pointed out that to 
meet this target, total output ‘Vill need to grow 
at an average annual rate of 4.2 percent in the 
next 7 years. That rate is within our grasp.” “ 

Given the desire in the United States and else- 
where to increase the rate of economic growth, it 
was only natural that economists would try to de- 
termine the effects of various factors on the eco- 
nomic growth rate. Clearly, the basic determi- 
nants of the rate of increase of potential output 
were; (11 The rate of increase in quantity and 
quality (health, education, motivation, etc.) of 

These figures are from the Economic Review of the National 
Institute of Economic and Social Research, July 1961. 

“CouncU of Economic Advisers [13], p. 63. Of course, Infia- 
tion has become an Important issue in recent months. 



the labor force, (2) the rate of increase in the 
stock of plant and equipment, as well as its dis- 
tribution by ag^ type, and location, (3) the rate 
of increase or decrease in the natural resources 
accessible to the economy, (4) the changes in effi- 
ciency in allocating resources (due to (manges in 
the extent of monopolistic and other barriers to 
the movement of labor and capital), and (5) the 
rate of technological change. 

Because of the complex interaction among these 
factors, it has proved very difficult te estimate 
from historical statistics the relative importance 
of each. Nonetheless, a number of important and 
influential attempts have been made. Fabricant 
[22] estimated that about 90 percent of the in- 
crease in output per capita durmg 1871-1951 was 
attributable to technological change, increased 
educational levels and other factors not directly 
associated with increases in the quantity of labor 
and capital. Using more sopnisticated tech- 
niques, Solow [79] estimated that about 87 per- 
cent of the increase in output per man-hour was 
due to these factors. The most recent, and also 
the most exhaustive study in this area, was carried 
out in 1962 by Edward Denison [14], who c()n- 
cludes that the “advance of knowledge” contrib- 
uted about 36 percent of the total increase in 
national income per person empbyed during 
1929-57. He estimated the contributions of other 
factors as; Increase in total inputs per person em- 
ployed (including education), 42 percent; and 
economies of scale, 21 percent.^* 

These estimates undoubtedly are correct in indi- 
cating that technological change played a major, 
perhaps the most important, role in generating 
economic growth. Beyond this, their accuracy 
cannot be taken very seriously for at least 
three reasons : First, the effects of technolomcal 
change are measured entirely by the growth of 
output unexplained by other factors, the conse- 
quence being that they are mixed up with the ef- 
lects of whatever inputs arc not included. Sec- 
onci, the use of GNP as a measure of output has a 
number of important disadvantages and mi^es 
some of the most important effects of technological 
change, for exanmle, on leisure and the spectrum 
of choice. ThircT, these studies fail to recognize 
the full interdependence of technological change, 
e(iucation, and pliysical capital with the result that 
the estimated contribution of each may not be a 
good indication of the sensitivity of the growth 
rate to an extra investment in any one of them. 

10. Problems in the Measurement of Techno- 
logical Change 

It is important to review some of the problems 
posed by the existing measures of the rate of tech- 
nological change. First, because these measures 

Denlsou [14J, p. 270. 
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equate the effect' of technological change with 
whatever increase in output is unexplained by 
other factors, they do not isolate the effects of 
technological change alone. In addition, they con- 
tain the effects of whatever factors pe excluded; 
for example (depending on the particular study) , 
increases in education, betterment of worker 
health and nutrition, economies of scale, changes in 
product mix, or improved allocation of resources. 
Thus far, economists have been unable to sort out 
the effects of “pure’’ technolcgical change, except 
perhaps when dealing with individual processes.^® 

Second, there are a number of well-known prob- 
lems regarding the meaningfulness and usefulness 
of the production function, a conc^t that lies at 
the heart of these measures. As Joan Kobinson 
[66] has often stressed, the measurement of aggre 
gate capital is a tricky, if not impossible, business. 
Samuelson [72] has pivovided some rationalization 
for the use of a simple production function which 
treats capital as a single entity, when in fact many 
heterogeneous varieties of capital existj but this 
rationalization is possible only under a limited set 
of circumstances. 

Third, the customary measures often assume that 
there are no economies of scale and that technologi- 
cal change is neutral. The dangers in these as- 
sumptions have beer stressed by Stigler [82], 
Hicks [32] , Mansfield [47] , and others. The com- 
mon assumption that the elasticity of substitu- 
tion^® equals one iias also been questioned, and 
there has been some reaction recently against the 
usefulness of the capital-embodied technical- 
change hypothesis, as generally put forth. For 
details, see Griliches [27], Jorgenson [35], and 
Nerlove [64]. 

In summary, available measures pose many im- 
portant problems and should be used only as very 
rough guides. We are a long way from having ac- 
curate measurements of the rate of technological 
change. 

11. Summary and Conclusion 

The principal points made in part II can be 
summarized as follows: First, economists dej^e 
teclmological change as a shift in the production 
function, the production function being the rela- 
tionship in a given firm or industiy between the 
quantity of various inputs (capital, labor, land, 
etc.) and the maximum output that can be pro- 
duced. On the basis of various simplifying as- 
sumptions regarding the nature of the production 
function and the way it shifts over time, econ- 
omists have been able to devise techniques to 



*5 For this reason, it has become fashionable for economists to 
refer to total productivity indexes and similar measures as 
residuals, thus making it plain that these indexes contain more 
than the effects of technological change. See Domar [17]. 

It is also very difficult to take proper account of new products 
and product improvements in existing measures, 
w For example, see Arrow et al. [6j. 



measure the rate at which it shifts. The result 
typically is a single number, “x percent per year;” 
that is, the quantity of output derivable from a 
fixed set of inputs has increased at x percent per 
year. 

Second, two types of productivity indexes— 
partial and total — are in common use. The most 
common form of partial productivity index is out- 
put per man-hour, and an important disadvantage 
of this index as a measure of technological change 
is its failure to take any account of changes in in- 
puts 0 . r time other than labor. A better meas- 
ure is the total productivity index which relates 
changes in output to changes in both labor and 
capital. However, the total productivity index un- 
fortunately assumes implicitly that isoquants are 
straight lines. To remedy this, economists have 
devised a number of measures of the rate of tech- 
nological change based on more reasonable as- 
sumptions regarding the shape of isoquants. Some 
of these measures assume that technological change 
is organizational; others assume that it is capita- 
embodied. 

Third, using any of these measures, the level 
of technology seems to have increased considerably 
in the United States throughout this century, the 
average rate of technological change being 1.5 to 
2.5 percent per year, depending on the measure 
used. The rate of technological change seems to 
have vari^'d perceptibly over time. Kegardless of 
which me sure is used, there is considerable evi- 
dence that the rate of technological change was 
higher after World War I than before, and some 
evidence that it was somewhat higher after World 
War II than before, although the latter is by no 
means a certainty. 

Fourth, the rate of growth of total productiv- 
ity seems to have varied considerably among both 
industries and nations. Over the long run, it seems 
to have been higher in communications and trans- 
portation than in mining, manufacturing, and 
farming. Within manufacturing, it seems to have 
been highest in rubber, transportation equipment, 
tobacco, chemicals, printing, glass, fabricated met- 
als, textiles, and petroleum. Comparing the 
United States with Germany, Japan, Canada, and 
the United Kingdom during the postwar period, 
our rate of productivity growth seems lower than 
that of Germany and Japan, but at least equal to 
that of Canada and the United Kingdom. 

Fifth, these measures of the rate of technological 
change have been used to estimate the relative 
importance of technological change in the process 
of economic growth. Studies carried out about a 
decade ago estimated that about 90 percent of the 
long-term increase in output per capita in the 
United States was attributable to teclmological 
change and other factors not directly associated 
with increases in the quantity of labor or capital. 
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A more recent study concludes that the “advance 
of knowledge” contributed about 36 percent of 
the total increase in national income per person 
employed during 1929-57. These estimates un- 
doubtedly are correct in indicating that techno- 
logical change played a major, if not the most 
important, role in generating economic growth, 
but beyond this, their accuracy cannot be taken 
ve^ seriously. 

Finally, even the most sophisticated of these 
measures of the rate of technological change suf- 



fers from very important limitations. Because 
technological change is measured by its effects, 
and because its effects are measured by the growth 
of output unexplamed by other factors, it is im- 
possible to sort out technological change from the 
effects of whatever inputs are not included ex- 
plicitly in the analysis. In addition, the custom- 
ary measures suffer from the fact that they focus 
attention exclusively on the effects of technological 
change on output, na^owly defined. She avail- 
able measures are very imperfect guides. 



Part III: DETERMINANTS OF THE RATE OF TECHNOLOGICAL 

CHANGE 



1. Introduction 

We shall now go behind measurements of the 
rate of technological change and atteinpt to answer 
various important questions regarding the way 
technological change occurs and the factors deter- 
mining its pace. Section 2 is concerned with the 
sources of important inventions, and sections 3 
and 4 discuss the factors that determine an indus- 
try’s rate of tec^ological change. Sections 5 
through 7 deal with the amount of research and 
development financed or performed by Federal 
agencies and private industri^. Section 8 dis- 
cusses industrial decisionmaking regarding re- 
search and development, and sections 9 and 10 are 
concerned with various characteristics of industrial 
research and development expenditures. Section 
11 discusses the feeing shared by a number of 
economists that tiiere is an underinvestment or 
malallocation of R. & D. expenditures. Section 12 
takes up the relationship between market structure 
and technological change, and section 13 sum- 
marizes the findings. 

2. The Sources of Invention 

Despite the many attempts to administer the last 
rites to the independent inventor, he is by no means 
dead. Over the last 60 years, it appears that he 
has contributed a great many important inventions, 
particularly in industries not directly connected 
with the sciences. In their study of 50 significant 
20th century inventions, Jewkes, Sawers, and Stil- 
lerman [34] estimated that over half were pro- 
duced by individuals not doing company-directed 
research. Nonetheless, this centuij has seen a no- 
table shift in the source of inventions away from 
the independent inventor and toward the corpora- 
tion. Li 1900, about 80 percent of all patents (ex- 
cluding those issued to the Government) were is- 
sued to individuals; in 1957 about 40 percent were 
issued to individuals. The reasons for this shift 
are not difficult to find : Technology in most indus- 
tries has become more complex ; a division of labor 
among specialists in various scientific fields has be- 
come more necessary ; and the instruments required 
to research and develop new processes and products 
have become more expensive. 



Patent statistics have been used to study the oc- 
cupational, educational, and age characteristics of 
inventors, as well as to measure the rate of inven- 
tive activity. Schmookler [75] investigated the 
occupational characteristics of a random sanmle 
of about 100 persons granted patents in 1953. His 
results indicate that about 60 percent were engi- 
neers, chemists, metallurgists, and directors of re- 
search and development, and that most of the rest 
were non-R. & D. executives; almost none were pro- 
duction workers. These figures agree very closely 
with an earlier study of over 700 inventors made 
by Rossman [69]. Schmookler also concludes 

that 

as a rough approximation, only about 40 percent of 
the inventors taking out patents in a given month 
are full-time inventors (research ana development 
technologists), about 20 or 25 percent are industrial 
personnel hired partly to invent, and about a third 
are completely independent inventors.^’ [75] 

With regard to educational background, an esti- 
mated 16 percent of those answering had not com- 
pleted high school, 24 percent had completed high 
school but had not completed college., 31 percent 
had finished college but had gone no further, ^d 
25 percent had gone on to do graduate work.^ 
Thus, although most had at least a college educa- 
tion, over one-third had no more than a high school 
education. Of course, these results should be 
viewed with caution since they are based on a rela- 
tively small sample. 

Turning to the age of inventors, Lehman L^oJ 
has made a very interesting study. Adjusted for 
the relative number alive at various ages, the mean 
age of inventors when they made “very important 
inventions was 30 to 34 years, and the mean age 
when “important” inventions were made was about 
37 years. Thus, the most significant inventions 
seem to be largely the product of relatively young 

men. , . 

Finally, there is a growing literature on crea- 
tivity,” a subject which has attracted the atten- 
tion of psychologists in recent years. To measure 
creativity, they use the ratings or judgments of 



“Flve^percent^^er’e^^ a "special trade schools. busL 

ness colleges, etc. For this reason percentages do not add up 
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experts or special tests. Numerous studies of the 
relationship of various factors with creativity have 
been made. Unfortunately, although these studies 
are extremely interesting, they are sorely handi- 
capped by measurement problems. For a recent 
review of the relevant literature, see Golann [25] . 

3. Determinants of the Rate of Technological 
Change 



The rate of technological change in an industry 
depends to a large extent on the amount of re- 
sources devoted by members of the industry and 
Government to the improvement of the industry's 
technology. The amount of resources devoted by 
Government depends on how closely the industry 
is related to the defense, medical, and other social 
needs for which the Government assumes primary 
responsibility, on the extent of the extern^ econo- 
mies pnerated by the relevant R. & D., and on po- 
litical factors of various kinds. The amount of re- 
sources devoted by private industry depends heav- 
ily on potential profitability, with at least two 
kinds of eviden^ supporting this proposition. 
First, econometric studies (noted in sec. 8 be- 
low) indicate^ that^ the expected profitability of 
R. & D. projects influences the amount a firm 
spends on R. & D., and that the probability of its 
accepting a particular R. & D. project depends on 
expectef returns. Second, case studies of par- 
ticular inventions and studies of patent statistics 
seem to support this view.^® 

What, then, determines the profitability of an 
R. & D. investment? ^ First, ignoring for the mo- 
ment the costs of making the technological change, 
it depends on the returns the investor expects, 
which depend in turn on the characteristics of the 
technological change and the industry. If a pro- 
spective change in technology reduces the cost of 
a particular product, the (gross) returns from ef- 
fecting this technical change are likely to be higher 
if demand for the product is rising rapidly and 
capacity is being expanded than if demand is con- 
stant or falling. Similarly, returns are likely 
to be higher if the inputs saved by the technologi- 
cal change are expensive and in short supply rather 
than cheap and plentiful. 

Second, it depends on the cost of making the 
prospective technological change. Obviously, the 
attempt to solve a given problem depends on 
whether people think it can be solved, on how 
costly the solution will be, and on the payoff if it 
is successful. The cost of making technological 
changes related to more basic science depends on 



For example, see M, Peck, “Inventions in the Postwar Amerl 
can Aluminum Industry, T. Marschak. “Strategy and Organiza 
i? jP- System Development Project,** and R. Nelson, “Th 
HPr Science and Invention : The Case of the Transistor,' 

au in The Rate and Direction of Inventive Activity, Princeton 
18 62 * 



the number of scientists and engineers existing in 
relevant fields and on advances in basic science. 
The amount of effort devoted to making gradual, 
small-scale unprovements depends on size of 
the industry, and perhaps its growth rate as well. 

Third, the profitability of the investment de- 
pends on the industry’s market structure and the 
legal arrangements under which the industry op- 
erates. With regard to market structure, there has 
been considerable argument over the effects of 
monopolistic power on the profitability of innova- 
tion, some claiming that such power increases it, 
others arguing the contrary, come tentative con- 
clusions on this are presented in section 12 below. 
The effects of legal arrangements pe often more 
obvious. F or example, the profitability of R. & D. 
certainly was increased by the 1954 change in the 
tax laws which permitted R. & D. expenditures to 
be deducted as a cuwent expense rather than being 
treated as a capital investment. 

In addition to being influenced by the quantity 
of resources devoted to improving its technology, 
an industry’s rate of technological change depends 
on the effectiveness with which these resources are 
used, and the quantity of resources devoted to the 
iinprovement of their technology by other indus- 
tries (particularly those that supply relevant com- 
ponents and materials). Thus, all other things 
equal, the rate of technological change in an in- 
dustry is related directly to the effectiveness of the 
inventive efforts to improve its technology and the 
extent of the spillover of technology from other 
industries. 

4. Quantitative Effects of Various Factors on 
the Rate of Technological Change 

This section describes the results of the two prin- 
cipal empirical studies of the effects of various fac- 
tors on the rate of technological change [831, [451. 
Terleckyj investigated the relationship between 
changes in total productivity and 10 explanatory 
variables for 20 two-digit manufacturing indus- 
tries. Using various coirelation techniques, he 
concluded that three variables were significantly 
related to an industry’s rate of teclmological 
change as measured by changes in total produc- 
tivity. These explanatory variables were (1) rate 
of change of output level, (2) amplitude of cy- 
clical fluctuation, and (3) ratio of R. & D. expendi- 
tures to sales (or ratio of R. & D. personnel to total 
man-hours worked) . 

Terlecljyj’s results confirm the expectation, 
based on the previous section, that industry’s rate 
of technological change would be influenced by the 
size of its R. & D. expenditures. He found that 
the rate of technological change increases on the 
average by 0.5 percent for each tenfold increase in 
the ratio of R. & D. expenditures to sales. Ter- 
leckyj’s results also seem to confirm the hypothesis 
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that an industry’s rate of technological change 
would be related to the growth of its output level. 
He found the rate of technological change increas- 
ing on the average by 1 percent for every 3-percent 
increase in grov/th rate. In addition, Terlecl^j 
found that the rate of teclinological change was in- 
versely related to the extent of the cyclical fluctua- 
tion of an industry. However, this variable, which 
may reflect the fact that a certain degree of orga- 
nizational stability is conducive to innovation, is 
less important quantitatively than the others. 

Mansfield’s results, based on the behavior of 10 
large chemical and petroleum firms and 10 two- 
digit manufacturing industries in the postwar 
period, indicate that for both firms and industries 
the rate of technological change is directly relat^ 
to the rate of growth of their cumulated K. & D. 
expenditures. If technological change is orga- 
nizational, the average effect of a 1-percent in- 
crease in the rate of growth of cumulated & D. 
expenditures is a 0.1- or 0.2-percent increase in the 
rate of teclmological change. If technological 
change is capital-embodied, it is a 0.7-percent in- 
crease in the rate of technological change. Unlike 
Terleckyj, IVIansfield found no significant evidence 
that the rate of technological change was directly 
related to an industry’s or firm’s growth rate. 



5. R. & D. Expenditures: Growth and Flow of 
Funds 



Total R. & D. expenditures in the United States 
have increased tremendously during the last dec- 
ades. In 1945, industry performed about $1.2 bil- 
lion worth of R. & D.; in 1962, this figure had in- 
creased to about $10.8 billion. In 1945, about $400 
million of R. & D. was performed bj^ Government | 
by 1962, it performed about $2 billion of R. & D. 
In 1945, the universities and other nonprofit orga- 
nizations performed about $200 million; in 1962, 
it rose to about $1.8 billion. Table 7 shows the 
truly phenomenal rate of growth of R. & D. during 
the forties and fifties in the United States.’^® 
Along with the increase in R. & D. expenditures, 
there has been a great increase in the number of 
engineers and scientists engaged in research and 
development. In 1941, there were fe\7er than 
90,000; in 1961, there were almost 400,000 (table 
7). Although their numbers have increased at an 
impressive rate, they have not kept up with R. & U. 
expenditures, primarily because the increasing de- 
mand for research personnel has resulted in higher 
salaries, and less sMlled labor and equipment seem 
to have been substituted, where possible, for engi- 
neers and scientists. 



20The 1945 figures come from [37] and are not 
parable with those In the tables below. Of course. Part of the 
increase In R. & D. expenditures Is undoubtedly due to Inflation 
and &lng definitions of R. & D.. but even these 
are taken Into account, It Is generally agreed that there still has 
been a tremendous growth In R. & D. expenditures. 



Table 7. Total R. & D. Expenditures and Number of 
Research Scientists and Engineers, United States, 
1941-62 



Year 


Total R. 
& D. ex- 
penditures 
(millions) 


Number of 
research 
scientists 
and engi- 
neers 

(thousands) 


Year 


Total R. 
& D. ex- 
penditures 
(millions) 


Number of 
research 
scientists 
and engi- 
neers 

(thousands) 


KU1 


$900 


87 


1951 


$3,360 


158 


1943 


1, 210 


97 


1954-55-... 


6,620 


223 


1945 


1,520 


119 


1958-59.— 


11, 130 


327 


1947 


2,260 


125 


1960-61 »... 


13,890 


387 


1949 


2,610 


144 


1961-62 >... 


14,740 


N.A. 



> Preliminary. 
N.A.=Not available. 



Source: The Growth of Scientific Research and Development, Department of 
Defense. 1053, pp. 10 and 12; National Science Foundation Reviews °f Data on 
n/nA Ti^rtitvnm*nf. Nn. 33. Aoril 1062. and hlo. 41, September 1063. 



It is also important to note that much of the 
R. & D. performed by one sector is financed by p- 
other. Table 8 shows that a large and increasing 
percentage of the R. & D. performed in the indus- 
trial, university, and nonprofit organization sec- 
tors is financed by the Federal Government. In 
1953-54, about 40 percent of industrial R. & D. was 
financed by the Government; in 1961-62, about 60 
percent. In 1953-54, about 60 percent of the uni- 
versities’ R. & D. was financed by the Government ; 
in 1961-62, about 75 percent. In addition, a large 
and relatively stable portion, about 60 percent, of 
the R. & D. carried out by other nonprofit orga- 
nizations was Government-financed. 

Besides this massive outflow of funds from the 
Federal Government to support R. & D. performed 
in other sectors, there were le^er flows from in- 
dustry and nonprofit organizations other than uni- 
versities. In recent years, industry financed about 
3 percent of the R. & D. carried out by universities 
and about 25 percent of that carried out by other 
nonprofit organizations. Other nonprofit or^- 
nizations financed about 5 percent of the R. & D. 
performed by colleges and universities. 



6. R. & D. Expenditures by the Federal 
Government 



Table 8 shows that the Federal Government fi- 
nances most of the R. & D. performed in the 
United States— 65 percent of the total in 1962. 
What Federal agencies account for most of the 
spending? What is the purpose of the R. & D. 
they support ? How has the relative importance of 
various agencies in this area shifted over time? 

In 1964, well over half the total R. & D. ex- 
penditures made by the Federal Government were 
made by the Department of Defense (table 9) to 
provide new and improved wej^ons and techniques 
to promote the effectiveness of the Armed Forces. 
The largest expenditures were made by the Air 
Force ; the smallest, by the Army. Relatively little 
was spent on basic research, about 85 percent 
having been devoted to development (table 10). 
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The research that was supported was mainly in the 
physical and engineering sciences. 

The second and third largest spenders on 
E. & D. in 1964: were the National Aeronautics and 
Space Administration and the Atomic Enerpr 
Commission, both intimately connected with de- 
fense and the cold war. Together with the De- 
fense Department, they account for almost 90 per- 
cent of the E. & D. expenditures of the Federal 
Government. Over half the E. & D. carried out 
by NASA was research rather than development, 
most of it in the engineering sciences. About one- 
quarter of the AEC’s E. & D. expenditures were 
for research, mostly in the physic^ sciences. 



In contrast with the big three, the fourth, fifth, 
and sixth largest spenders are not concerned pri- 
marily with national defense and the space race. 
Practically all of the E. & D. expenditures of the 
Department of Health, Education, and Welfare, 
the fourth largest spender, are related to the work 
of the National Institutes of Health, the research 
arm of the Public Health Service. The bulk of the 
research expenditures of HEW wore in the medi- 
cal sciences, and about one-fifth were conducted 
intramurally in 1964:. The fifth largest spender 
was the National Science Foundation whose gen- 
eral purposes are the encouragement and support 
of basic research and education in the sciences. 



Table 8 Sources of R. & D. Funds and Performers of R. & D., by Sector, United States, 

1953-54, 1961-62 



Sources of R. & D. funds (sector) 


K. & D, performance, by sector 


Federal 

Government 


Industry 


Colleges and 
universities 


Other non- 
profit organi- 
zations 


Total 




1953-54 Transfer of funds (millions) 


$970 


$1,430 

2,200 


$280 

20 

130 

20 


$60 

20 


$2,740 

2,240 

130 

40 


Industry 

Colleges and universities 


20 




970 


3,630 


460 


100 


6, 160 






1961-62 Transfer of funds ^ (millions) 


$2,090 


$6,310 

4,660 


$1,060 

66 

230 

66 


$200 

90 


$9,660 

4,706 

230 

166 


l^llegV^and universities 


90 


wvllwi UUU^iUllU V — — — — — " 


2,090 


10,870 


1,400 


380 


14,740 



I Preliminary figures. 

Source: National Science Foundation Reviews of Data on Research and Development, No. 41 (September 1963). 



Table 9 Federal Expenditures for Research and Development and R. & D. Plant, by Agency, 

TTisnAT. Ytcars 1940-64. IN MILLIONS OF DOLLARS 



Department or agency 


1940 


1948 


1966 


1960 


19641 




29.1 


42.4 

8.2 


87.7 

on A 


131.4 

QQ 1 


188.3 
114 9 




3.3 


iS0«4 

2,639.0 


e aeo o 


7 R71 7 




26.4 


592.2 

116.4 


0, Ooo. 0 
1 1 Q 


f, Uf A. 1 




3.8 


702.4 


1 , lUo. V 


A, <JOO. 0 

1 749 7 




13.9 


287.5 

188.3 


635. 8 
1,278.9 


1 , oUU. D 
0 n’TQ n 


A, 1 

3,814.7 

266.8 




8.7 


Z, U7o. U 
226.3 










40.0 


349.3 

Ql 1 0 








86.2 

35.7 


324.2 

CtK. Q 


oil. / 
10 Q R 


xioaibii, iz^uuUubion, (iiiu ."viittio 


7.9 


31. 4 


DO.O 


1 / 0 . (I 

1 498.9 






107.6 


474.0 


UoO. n 
A^ 0 


* 09 * Q 


AMaI a TTIA^IATI a ^ H M H H H H H A H A H H H A H H H H H 











41*2 


VZ. a 


i? 6 Q 6 nU AvlUtlUll 

Manhattan Engineer District...-—.——---— 


2 .' 2 ' 


37.T 


fi.'i' 


'ioi.'o' 

68.0 

i8.T 


■■■'TisO 

10 Q n 


.National Aeronauiics anu auiuuiiouuliuii — -- 

National Science Foundation - - 

Office of Scientific Research and Development 


— 


." 9 " 


16.4 

u' 


iUo. U 

40.'i 








10.4 


26.4 


Oo. ^ 



support from procuron^cn^ appropriations beginning in 1954. 

« Public Health Service and Federal Security Agency prior to 1962. 

♦ National Advisory Committee on Aeronautics prior to 1968. 

source: 2r«d«rafMs/orSci«n«XJJ(NationalScienceFo^dation.l964).table32. These figures are not comparable with those 

in tables 7 and 8, but they indicate the breakdown among agencies. 
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Table 10. 



Research obligatious, by field of science 



Department 



Agriculture 

Commerce 

DsfBnSB 

Health/lfdmtion, and Welfare — 

Interior 

Labor 

Post Office 

State 

At^lc^nergy Commission — 

Federal Aviation A^ncy — 

Housing and Home Fman^ 

National Aeronautics and Space Admin- 
istration — ----- 

National Science Foundation 

Smithsonian--^ — rr-:r." 

Tennessee Valley Authority,— — 

Veterans Administration 

Anns Control and Disarmament Agency 



Character of work 



Total 

research 


Basic 

research 


Develop- 

ment 


176.9 


64.6 


8.1 


47.1 


28.1 


21.9 


1,203.4 


207.7 


6,416.4 


839.3 


279.1 


3.1 


110.6 


43.1 


14.6 


7.6 


1.3 


2.8 


.2 




10.9 


16.9 





1.6 


.6 


.3 


1.2 


330.4 


261.9 


864.6 


4.3 

9 R 




55.2 


. 2,784,4 


677.9 


1,887,7 


209,1 


209.1 


2,0 


4.8 


4.8 


- 


3.0 




1.1 


32.7 


4.1 


.7 


10.4 




2.6 



Totffi 

Intra- 

mural 



124.4 
61.7 

1,861.7 

155.0 

99.9 

9.2 

1.3 
6.2 
1.6 

17.3 
22.6 

2.2 

380.4 

12.9 
4.8 
4.0 

32.4 
6.7 



Blolog- 

ieffi 



13.7 

.1 

46.0 

19.7 
23.6 



44.8 



77.3 

39.1 

1.6 



Medical 



14.9 



44.4 

716.9 

.2 



2.1 

‘iq'q 

3.1 



1.6 

8.6 



29.7 



Agricul- 

tural 



75.8 

“Ti‘ 

~T.2 

"2'o‘ 



.9 



Physical 



32.8 

29.8 
480.8 

2.9 

60.0 



.6 

220.7 



613.0 

105.1 
1.6 

.7 



Mathe- 

matical 



0.4 

.9 

51.3 

.1 

1.2 



7.1 



89.7 

16.6 



Engi- 

neering 



14.1 

10.6 

466.8 



31.6 

.2 

.2 

.1 

1.2 



1,992.6 

23.2 



1.4 

.3 

2.7 



Social^ 



24.4 

4.6 

2.3 
38.7 

.8 

7.3 

■“'sTi 



2.3 

.9 

10. i 
1.6 



3.4 



1 Excludes agencies spending less than $1.6 billion. 

2 Exclude psychology. 

Source: Federal Funds for Science XII (National Science Foundation, 

Most of the Foundation’s expenditures go for re- 
search in the physical and biological sciences, ihe 
sixth largest spender was the Dep^tment ot Api- 
culture, where most of the R. & D. effort, which 
is coordinated with the research and educatioral 
activities of the land-grant colleges, is concerned 
with the production, utilization, and marketmg o± 
farm and forest products. These s^ 
and agencies accounted for practically all the h ed- 
eral Government’s R. & D. expenditures m 1964. 

Table 9 shows the spectacular ^owtli m total 
expenditures on R. & D. financed oy the Federal 
Government. In 1964 these exppditures were 
about 200 times what they were in 1940, and 4 
times what they were in 1956. Much of this in- 
crease has been due to wartime anc^ostwar de- 
fense needs. Thus, the Defense Department s 
share of the total has risen during the period (p- 
ihough not during the last few years), and the 
AEC’s and NASA’s shares have also grown sub- 
stantially. The result has been a tremendous 
emphasis in the Government R. & D. budget on 
defense and space technology. 

7. Interindustry Differences in R. & D. 

Expenditures 

Which industries spend most on R. & D.? 
Which spend least? What do R. & D. exp^di- 
tures in various industries actually go for? How 
much goes for basic research? applied research? 
development ? How much goes for new P^^ucts . 
product improvements? new processes? The Na- 
tional Science Foundation’s annual surveys ot 
American industry help to answer many of these 
basic questions. 

At present, R. & D. performance as a percentage 



of sales is highest in the aircraft, 
trical equipment, and chemical mdiwtries (tables 
11 and 12) due in considerable part to the tact 
that these industries carry out ^ 

R. & D. for the Federal Government. In the 
Federal Government financed 90 percent ot the 
R & D. in the aircraft industry, 63 percent in 
the electrical equipment industey, and 47 percent 
in the instruments industry. The situation m all 
industries in 1963 is shown m table 12. ^ 

When company-financed R. & D. ratl^r than 
R. & D. performance is considered, the (hneren^s 
among industries are reduced, but the industries 
remain in much the same rank order, with instru- 
ments, electrical equipment, chemicals, and ma- 
chinery highest. These industries are closely re- 
lated to scientific fields and hence the profitability 
of R. & D. is probably higher than in other u^dus- 
tries. (Tliis hypothesis was discussed in sec. 3.) 

Table 13 provides a breakdown of the anmunt 
spent by industry on basic research, allied re- 
sLreh, and development for 1961.^" JBasic re- 




tries, but in no case does it exceed 20 percent of the 
total. Development is a particularly large per- 
cent of the total in the aircraft industry. For all 
industries combined, about 4 percent of the total 
was basic research, 18 percent was applied research, 
and 78 percent development. Of company- 
financed K. & D. rather than E. & D. performance, 
about 7 percent of the total, rather than 4, was 
devoted to basic research. 

» 1963 figures are the most up-to-date available from NSF at 
the^sime definitions of basic re- 
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Table 11. Performance of Industrial Research and Development, by Industry, 1927-61 

Percent OF Sales 



R, <fe D, performance 



Aircraft and parts 

Instruments 

Electrical equipment— 

Chemicals 

Rubber 

Machinery 

Stone, clay, and glass 

Motor vehicles - - 

Other transportation equipment 

Primary metals and products 

Frabricated metal — ■ 

Primary metal 

Petroleum 

Paper 

Food 

Forest products- 

Leather 

Textiles and apparel- 



1927 



N, 

N. 

0 . 



N 



N, 

N, 



A. 

A. 

.64 

.42 

.36 

.A. 

,13 

.07 

.07 

.07 

.A. 

A. 

.09 

.06 

.02 

.01 

.01 

.01 



1937 



N.A. 

N.A. 

1.17 

1.04 

.96 

.43 

.39 

.19 

,07 

.13 

N.A. 

N.A. 

.44 

.17 

.04 

.04 

.02 

,02 



1951 



11.9 

3.2 

3.8 

1.6 

.6 

.6 

.5 

,6 

.3 

N.A. 

.4 

.2 

.6 

.2 

.07 

.03 

.03 

.09 



1957 



22.3 

6,6 

6.6 

2,6 

1.2 

2.4 

.7 

2.36 

N.A. 

.6 

.4 

,8 

.6 

.14 

N.A. 

N.A. 

.16 



19611 



24.2 

7.3 
10.4 

4.6 

2.2 

4.4 

1.8 

2.9 

N.A. 

1.3 

.8 

1.0 

,7 

.3 

.6 

N.A. 

.6 



1 The 1961 figures are not entirely comparable with the earlier ones. 

N.A. =»Not available. ^ t 

Source- Brozon Y., “Trends In Industrial R. & D.” Journal of Business, July 1960, tables 1-3, and Researu and Development in 
Industry, 1961 (National Science Foundation, 1964). 



Table 12. Research and Development Performance 
AND Amount Financed by Federal Government, by 
Industry, 1963, in Millions of Dollars 



Industry 



Food and kindred products 

Paper and allied products 

Chemicals and allied products 

Industrial chemi(^s 

Drugs and medicines 

Other chemicals 

Petroleum refining and extraction 

Rubber products 

Stone, clay, and glass products 

Primary metals--——- — 

Primary ferrous products - 

Nonferrous and other metal products 

Fabricated meti products 

Machinery - 

Electrical equipment and communication—-— 
Communication equipment and electronic 

components 

Other electronic equipment — - 

Motor vehicles and other transportation equips 

ment 

Aircraft and missiles---.— - 

Professional and scientific Instruments- — 
Scientific and mechanical measuring in- 
struments 

Optical, surgical, photographic, and other 

instruments 

Textiles 



R. &. D per- 
formance 


Amount 
financed by 
Federal 
Qovemment 


136 


N.A. 


71 




1,253 


264 


808 


177 


216 


N.A. 


229 


N.A. 


316 


20 


146 


39 


122 


N.A. 


191 


12 


109 


2 


82 


10 


162 


29 


977 


264 


2,483 


1,662 


1,336 


871 


1,147 


691 


1,103 


289 


4,836 


4,371 


497 


232 


241 


143 


267 


8f 


34 


2 



N.A. = Not available. 

Source; ** Research and Development In American 
Reviews of Data on Science Resources (National Science Foundation, Decem- 
ber 1964). 



The McGraw-Hill survey of business plans for 
new plant and equipment provides further infor- 
mation regarding the character of E. & D. being 
carried out by industry. In all manuf acturmg in- 
dustries combined, about 47 percent of the firms 
reported in 1961 that their main purpose was to 
develop new products, 40 percent reported it was 
to improve existing products, and 13 percent re- 
ported it was to develop new processes. Develop- 
ment of new products seemed to be particulmy 
important in the electrical equipment, chemical, 
and fabricated metal industries. Improvement of 



existing products seemed to be particularly impor- 
tant in the paper, machinery and metalworlrmg, 
steel, and textile industries. Development of new ^ 
processes was particularly important in t *e 

petroleum industry.^® . 

Finally, table 14 shows that a considerable 
amount of the applied research and development 
performed in one industry is directed at products 
in another industry. In large part this is because 
firms classified in one industry are often in others 



Table 13. Percent Distribution of Funds for the 
Performance of Basic Research, Applied Research, 
AND Development, by Industry, 1961 



Industry 



Food and kindred products 

Chemicals and allied products 

Industrie chemicals 

Drugs and medicines 

Other chemicals - — 

Petroleum refining and extraction-. 

Rubber products - 

Stone, clay, and glass products 

Primary metals 

Primary ferrous products — -- 
Nonferrous and other metal 

products 

Fabricated metal products 

Machinery - — 

Electrical equipment and com- 
munication. — 

Communication equipment 
and electronic components. 
Other electrical equipment... 
Motor vehicles and other trans- 

g ortatlon equipment 

craft and missiles— 

Professional and scientific instru- 
ments — 

Scientific and mechanical 
measuring instruments. — 
Optical, surgical, photo- 
graphic, and other instru- 
ments 



Basic 

research 


Applied 

research 


Devel- 

opment 


8 


N.A. 


N.A. 


11 


37 


62 


12 


38 


60 


17 


63 


31 


5 


19 


76 


16 


42 


42 


7 


20 


73 


5 


36 


68 


6 


N.A. 


N.A. 


8 


N.A. 


N.A. 


4 


46 


61 


2 


30 


69 


3 


14 


83 


3 


13 


84 


6 


13 


82 


2 


13 


86 


1 


N.A. 


N.A. 


1 


10 


89 


3 


N.A. 


76 


2 


16 


82 


N.A. 


N.A. 


N.A. 



Total 



100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 



100 



N.A.=*Not available. 

Source; Research and Development in Industryf 1961 
Foundation, 1964). 



(National Science 



» These data are several years old, but it seems doubtful that 
there has been much of a change since 1901. 
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as well. For example, many large petroleum 
refiners are also chernical producers. An impor- 
tant moral of table 14 is that one should not assume 



that all, or almost all, the R. & D. performed in 
an industry is directed at that industry’s own 
products. 



Table 14. Funds for Applied Research and Development Performance, by Industry and Product Field, 

Selected Industries, 1961, in Millions of Dollars 



Product field 


Chemicals > 


Petroleum 


Primary 

metals 


Fabricated 

metals 


Machinery 


Electrical 
equipment 2 


Motor 
vehicles 3 


Aircraft * 


Instru 

ments 




Airftmft 


(9 




(5) 

W 

71 




2 




1 




22 


184 


53 


725 




19 


Atomic energy ^ „ 


80 




4 




27 




12 


301 


12 


108 




1 


Ohemimlg 




506 




10 


w 




P 




13 


(«) 






15 


TlnipQ - 




177 














F.ipntrlml Cniiinmcnt 


(0 

W 


(^) 




2 




3 




172 


(«) 


W 


w 


76 


nnTpTpnnfpatinn 




(3) 




2 




2 


191 


1,218 


58 


562 




Fabricated metals 


7 






12 




30 




15 


16 


16 


6 


w 


6 


Food - - - — 




19 




(*) 




1 


(*) 




(«) 






28 


ATissIles - - - 


(i) 




5 




2 


45 


179 


78 


2,092 


8 


Mflohinory - _ _ - 


(1) 




w 

<•'.63 
® 8 


(*) 




p 

(») 






502 


(«) 


(0 


(*) 




'Motor 


(1) 




4 






25 


3 


462 


24 




“pAfrolAnm 




4 


(9 








1 




1 








Primary metals - - 


(0 




89 


2 




4 


6 


6 


(•) 


b) 


131 


Instruments ^ 


2 


(*) 




4 




6 


38 


2 


12 




Pnbbo** -- 




8 


P) 

(’) 


1 




1 




1 


1 


4 


w « 




1 


stone., clav and cflaM_ 




2 




1 




2 




2 


4 


(«) 


2 




2 


Other 


(») 






(*) 




w 






29 


68 


19 


262 




22 


Total « - 


050 


248 


150 




117 




870 


2,326 


793 


3,907 




372 





















* Includes drugs. 

^ Includes communication. 

) Includes other transportation equipment. 

< Indudes missiles. 

< Not separately available but included in total. 

Source; Research and Development in Industry, 1961 (National Science Foundation, 1964). 



8. Industrial Decisionmaking Regarding 
R. & D. Expenditures 

While it has been possible to present the salient 
facts on the size and distribution of industrial 
R. & D. expenditures, it is more difficult to provide 
insight concerning the way^ in which firms inake 
decisions m this area. This section summarizes 
the results of some of the few studies that have 
been carried out ; more work is required. 

With regard to total R. & D. expenditures, Mans- 
field [47a] and Seeber [78] found that in the short 
run firms tend to maintain a fairly constant ratio 
between R. & D. expenditures and sales, some exec- 
utives using such ratios as rules of thuinb. Over 
the longer run, firms obviously change this desired 
ratio, particularly in response to changes in the 
prospective profitability of research and develop- 
ment. Although this profitabilitv is very difficult 
to measure and firms can make only crude attempts 
to do so, Mansfield [48] provides considerable 
evidence that estimates of this variable play an 
important role in determining the size of R. & D. 
expenditures. 

The size of a firm’s R. & D. budget is also influ- 
enced by a kind of “bandwagon efi’ect.” Research 
by one segment of an industry tends to encourage 
research in other segments or the same and other 
industries, both because it makes additional re- 
search profitable and because firms, like people, 
tend to follow the leader. Still another factor is 
the emphasis firms seem to place on the stability 
of their R. & D. programs. According to interview 
studies by the National Science Foundation [60], 



expansions of their program are avoided if they 
may soon have to be cut oack. Moreover, because 
of the costs involved in rapid expansion, finns try 
to build up to a desired level over a period of years. 
According to Mansfield’s econometric studies [48], 
a firm’s speed of adjustment toward the desired 
level depends on the extent to which the desired 
level diners from the previous year’s level, and on 
the percent of its profits that were spent on R. & D. 
in the previous year. 

Assuming a firm somehow sets its total expend- 
itures on R. & D., how does it decide which projects 
to spend its money on? Perhaps the best way to 
answer this question is to describe briefly the pro- 
cedure that is used in the central research labora- 
tory of one of the Nation’s largest firms, a major 

S ment producer. This procedure is used for 
ed research and development, but not basic 
r^earch. Considered will be only the projects 
proposed by the operating divisions, since the pro- 
cedure for the others, excluding basic research, is 
much the same. 

In the summer of 1962, the laboratory asked its 
divisions for proposals for 1963. For each pro- 
posal, a division was requested to estimate (1) the 
probability of commercial success of the project 
(if technically successful) ; (2, ‘he extra profit to 
the firm if the project were commercially success- 
ful; and (3) the investment required to put the 
research results into practice. These proposals 
were then sent to the managers of the relevant 
laboratory departments who made preliminary es- 
timates of the cost of doing the R. & D. and the cor- 
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responding chance of technical success. On the 
basis of the information provided by the division 
and the department manager, the laborato^’s 
project evaluation group, a small group of project 
analysts that report to laboratory management, 
computed a “figure of merit” for each proposal and 
rated it “A,” “B,” or “C.” Then the rated requests 
were returned to department managers who then 
formulated their respective R. & D. programs. 
“A” proposals were recommended to be given top 
prionty and “C” proposals to be avoided. The 
department managers then formulated a number of 
research projects, each aimed at satisfying one or 
more of the proposals. The laboratory manage- 
ment then evaluated each proposal, decided wheth- 
er to accept or reject it, and suggested a level of 
expenditures on each accepted project. Finally, 
the resulting list of projects went to corporate 
management for approval. 

According to Mansfield and Brandenburg [53], 
four factors seem to be particularly important in 
explaining the decisions that were made : First, to 
the extent possible, the level of spending on a par- 
ticular project tended to be set at the point whore 
further increases in the probability of success 
would no longer be worth their cost. Second, safe 
projects seemed to be preferred over risky ones. 
Third, some projects were justified more on the 
basis of scientific interest than expected profit. 
Fourth, projects differed considerably in the 
amount of pressure applied by operating executives 
to have them carried out and in the amoant of 
salesmanship used by the scientists tliemselvei*.®^ 



9. Profitability and Riskiness of Industrial Re- 
search and Development 

What are the characteristics of industrial 
R. & D. ? Two of the most importpt characteris- 
tics of any economic actinty are its profitability 
and riskiness, and R. & D. is no exception. For 
some years, the McGraw-Hill Economics Depart- 
ment gathered data from firms regarding the ex- 
pected profitability of their R. & D. programs. 
Table 15 shows for each industry in 1958 and 1961 
the distribution of firms classified by their expected 
payout period for research and development. Al- 
though this is a very crude measure of profitability, 
it is all that is available on a widespread basis. 
According to McGraw-Hill, the 1958 expected re- 
turns on R. & D. were 

significantly better than the typical returns or pay- 
off on investment in new plant and equipment, . . . 
[which helps to] make it clear why many com- 
panies with a given amount of capital to reinvest 
found it profitable to increase the proportion going 
to research and development.®® 



In more recent years, there is wnsiderable evidence 
that firms have been scrutinizing their R. & D. ex- 
penditures more carefully, and that expected re- 
turns have sometimes been adjusted downward. 



Table 15. Expected Average Payout Periods Prom 
R. & D. Expenditures, 1958 and 1961, Percent op 
Companies Answering 





1958 


1061 


Industry 


Less 
than 
3 years 


3 to 6 
years 


6 years 
and 
over 


3 years 
or less 


4 to 6 
years 


6 years 
and 
over 


Trf^n 


50 


50 


0 


38 


50 


12 


Nonferrous metals 

Mftfihinfiry 


42 

49 


42 

45 


16 

6 


64 

51 


18 

39 


18 

10 


Electrical machinery... 
Autos, trucks, and 
parte - — 


23 

40 


69 

60 


8 

0 


61 

54 


32 

40 


7 

6 


Transportation equip- 
ment (aircraft, ships, 
railroad equipment).. 
Fabricated metals and 

inst.nimflnte. _ 


24 

24 


65 

71 


11 

5 


43 

77 


44 

14 


13 

9 


Ohemlcftls 


15 


56 


29 


33 


41 


26 


Pftnfir and pulp 


25 


69 


6 


50 


32 


18 


■Riibber 


50 


17 


33 


38 


38 


24 


Stone, clay, and glass 

Petroleum and coal 

prndnpls. _ 


44 

12 


50 

63 


6 

25 


38 

17 


46 

33 


16 

50 


Food and beverages 

Texf.ilft5?_ 


37 

65 


54 

29 


9 

6 


54 

76 


43 

24 


3 

0 


Miscellaneous manu- 

fnnt.iiring 


66 


31 


3 


71 


25 


4 


All manuficturing 


39 


52 


0 


55 


34 


11 



Source; McGraw-HUl, Builnai Plans for Expenditures on Plant and 
Equipment, annud. 



For a small group of firms and industries, Mans- 
field [45] has made some very tentative and ex- 
perimental estimates of the marginal rate of re- 
turn from R. & D. expenditures, i.e., the rate of 
return from an extra dollar spent for research and 
development. Specifically, estimates were made 
for 10 major chemical and petroleum firms and 10 
manufacturing industries, the results pertaining to 
1960. Judging from the data for individual firms, 
the marginal rate of r^um was very high m 
petroleum ; in chemicals, it was high if technologi- 
cal change was capital-embodied but low if it was 
organizational. Turning to the industry data, the 
marginal rate of return seems to be relatively high, 
15 percent or more, in the food, apparel, and 
furniture industries. Needless to say, these results 
are e^remely rough and should be taken with a 
generous helping of salt. 

Turning from profitability, one of the most ob- 
vious ana important characteristics of inventive 
activity is its riskiness. Chance plays a crucial 
role, and a long string of failures is often required 
before any sort of success is achieved. For exam- 
ple, a recent survey of 120 large companies doing 
a substantial amount of R. & D. indicates that in 
half of these firms at least 60 percent of the R. & D. 
projects never resulted in a commercially used 
product or process. (The smallest failure rate for 



Needless to say, this section described only a few aspects of 
the relevant decisionmaking process. For further discussion, see 
the references cited in [53]. 



“Keczer, Qreenwald, and Ulin [37], p. 360. 
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any of these firms was 50 percent. ) Moreover, even 
when a project resulted in a product or proems 
that was used commercially, the profitability of its 
, use was likely to be quite unpredictable.^® 

I A study carried out by the Kand Corp. [54]^ go^ 

I further to describe the extent of the difficulties in 
predicting the results of development projects, 
j First, the study showed that there were substantial 
[ errors in the estimates made prior to development 
of the costs o:^)roducing various types of military 
! hard-ware. "When adjusted for anticipated changes 
in factor prices and production lot sizes, the aver- 
' age ratio of the actual to estimated cost was 1.7 
! (fighters) , 3 (bombers) , 1.2 ( cargoes and tankers) , 

I and 5.2 (missiles) . Thus, these estimates were off, 
on the average, by as much as 400 percent — and al- 
most always they understated the true subsequent 
I costs. 

, Second, the extent to which costs were under- 
I stated was directly related to the extent of the t^h- 
, nical advance. In cases where a “large” technical 
' advance was required, the average ratio was 4.2 ; in 
cases where a “small” technic^ advance was re- 
quired, the average ratio was 1.3. Moreover, when 
corrected for bias, there was much more variation 
in the ratio where the required technical advance 
was large than where it was small. Thus, as would 
be expected, the uncertainty was greater for more 
ambitious projects than less ambitious ones. ^ 
Third, there were very^ substantial errors in the 
estimated length of time it would take to complete 
a project. For 10 weapons systems, the average 
error was 2 years, and the maximum, 5 years. The 
average ratio of the actual to the expected length 
of time was 1.5, indicating on(^ again that esti- 
mates tend to be overly optimistic. The results 
, suggest too that the estimates are more accurate 
I when “small” rather than “large” technical ad- 
I vances must be made. 

Fourth, given the extent of the technical advance 
that had to be made, estimates of development ^d 
production costs and required development time 
became more accurate as the project ran its course 
[41] . For example, at the early stages of projects 
requiring advances of “medium” difficulty, the 
average ratio of the actual to expected cost was 
2.15 and the standard deviation was 0.57. At the 
middle stages of such projects, the average ratio 
was 1.32 and the standard deviation, 0.39. At the 
late stages of such projects, the average ratio was 
1.06 and the standard deviation, 0.18. 

I The findings of the Kand study pertain entirely 
I to military R. & D. Although the errors in estima- 
I tion in the civilian economy are likely to be smaller 
than those presented above,, they too are prob- 
ably quite large in cases where “large” technical 
I advances are attempted. See Mansfield and 
Brandenburg [53].) 



** See R. Nelson, “The Economics of Invention : A Survey of 
the Literature,” Journal of Ruaineas, 1959. 



10. Productivity of R. & D, Expenditures 

Another important characteristic of industrial 
research and development is its “productivity”, i.e., 
output of significant, though not necessarily profit- 
able, inventions.^^ On the basis of the crude meas- 
urements that can be made, does it seem that a 
firm’s output of significant inventions is closely 
related to the amount it spends on R. & D.? Is 
there any evidence that the productivity of R. & D. 
activities increases with the amount spent on 
R. & D.? Is there any evidence that productivity 
is greater in large firms than small ones? 

To help answer these questions, Mansfield [48] 
studied the chemical, petroleum, and steel indus- 
tries, using Langenhagen’s, Schmookler’s, and his 
own data regarding the weighted number of sig- 
nificant inventions carried out by about 10 large 
firms in each industry. Calculations based on these 
crude data suggest the following three conclu- 
sions: First, holding size of firm constant, the 
number of a firm’s significant inventions seems to 
be higUy correlated with the size of its R. & D. 
expenditures. Thus, although the output from an 
individual R. & D. project is obviously very uncer- 
tain, a close relationsmp seems to exist over the 
long run between the amount spent on R. & D. 
and the total number of important inventions 
produced. 

Second, the evidence from this cross-sectional 
analysis suggests that increases in R. & D. expendi- 
tures in chemicals, in the relevant range and hold- 
ing size of firm constant^ result in more than 
proportional increases in mvptive output. But 
in petroleum and steel, there is no real mdication 
of either economies or diseconomies of scale within 
the relevant range. TOius, except for chemicals, 
the results do not indicate any marked advantage 
of very large scale over medium-size and large 
research activities. Third, when expenditures on 
R. & D. are held constant, increases in size of firm 
seem to be associated in most industries with de- 
creases in inventive output. Thus, the evidence 
suggests that the productivity of an R. & D. effort 
of given scale is lower in the largest firms than in 
the medium-size and large ones.^® 

11. Is There an Underinvestment in Research 

and Development? 

IVliy is it necessary for the Federal Government 
to support considerable nonmilitary research? 
Caimot free enterprise be relied upon to allocate 
res'^iirces efficiently in the area of R. & D. ? lYill 
not the right sort of R. & D. be carried out? There 



^ An Invention may be of great Importance to the industry as 
a whole but not particularly profitable to the firm responsible for 
the Invention. 

2* Note that these results are based on only a small amount of 
very rough data which pertain to only three industries. Unfor- 
tunately, they seem to he all that are currently available. 
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are at least two major reasons for believing that a 
free enterprise economy will generate less K. & D. 
than i3 socially desirable, and that the deficiency 
will be particularly acute in the area of basic and 
more risky types of research. 

First, considerable discrepancies clearly exist 
between the private and social benefits to be ob- 
tained from research. Tlie results of R. & D. 
often are of little direct value to the sponsoring 
firm but of great value to other firms, and the re- 
sults of R. & D. often cannot be quickly patented. 
This problem of “external economies” is particu- 
larly acute in the case of basic research [63] . Sec- 
ond, it is often argued that many firms are risk 
averters and risk cannot be shifted completely and 
perfectly; therefore, investment in risiy activities 
tends to fall short of the social optimum— the 
point where expected returns equal the market rate 
of return, regardless of the variance. Arrow [3] 
and [4] and Nelson [63] present arguments to this 
effect. 

Both these factors result in too little being spent 
on R. & D. ; thus, for an optimal allocation of re- 
sources, the Government or some other agency not 
motivated by profit apparently should finance ad- 
ditional research and development. Formally, it 
should push its contribution to the point where 
marmnal social benefit equals the marginal social 
benefit from the relevant resources in alternative 
uses, obviously a very difficult thing to measure. 
Griliches’ study [28] is probably the most interest- 
ing attempt to measure the social rate of return 
from R. & D. ; it concludes that the return from 
the investment in agricultural research has been 
very high. 

Many economists believe that despite the con- 
siderable expenditures made by the Federal Gov- 
ernment, there is still an underinvestment in 
R. & D. According to the Council of Economic 
Advisers [13], 

in a number of industries the amount of organized 
private research undertaken is insignificant, and the 
technology of many of these low-research industries 
has notably failed to keep pace with advances else- 
where in the economy.®* 

Freeman, Poimant, and Svennilson, in their 
OECD report [24] , conclude that, 

in spite of the great increase in research anvl develop- 
ment activity, there are good reasons for believing 
that in many cases this "ctivity is still below ihe level 
desirable for efficient and sustained economic 
growth.** 

Many economists also believe that there is a mal- 
allocation of R. & D. expenditures. According to 
Ross [68], too much of our scarce engineering and 
scientific talent tends to be used in defense and 
space work. Accordmg to Nelson [62] , 

“Council of Economic Advisers [13], p. 105. 

» Freeman, Poignant, and Svennilson [24], r< 42. 



. . . aside from the fields of defense and space, peace- 
time atomic energy, and perhaps public health, it is 
likely that we are relying too much on private in- 
centives as stimulated by the market to generate 
R. & D. relevant to the public sector. . . . [Also,] 
aside from the fields of defense and space, there prob- 
ably is too little research and experimentation aimed 
at exploring radically new techniques and ways of 
meeting needs. . . . [S]urely we can do better than to 
rely so heavily on “spillover” from defen '- i and space 
to open up the really new possibilities in materials, en- 
ergy sources, etc.“ 

Those who beheve that there is an underinvest- 
ment in R. & D. and/or that R. & D. expenditures 
are malallocated general^ favor public policies to 
support additional R. & D. in the areas where they 
believe there is a deficiency, throimh Government 
contracts and tax credits. See Nelson [62] and 
Freeman, Poignant, and Svennilson [24]. In ad- 
dition, numerous proposals have been made to in- 
crease the efficiency of military and space R. & D. 
See Klein [41] and Peck and Scherer [65]. Fi- 
nally, all these economists recognize that there is 
recious little evidence to support or deny their 
eliefs. Thus, much more “research on research” 
is badly needed. 

12. Market Structure and Technological 
Change 

Economists have also been concerned with an- 
other important question : Will an industry domi- 
nated by a few large firms be more progressive 
than one composed of a larger number of smaller 
firms? Without pretending that the profession 
has reached anything approaching an answer, it is 
nonetheless useful te summarize briefly the evi- 
dence to date. 

In discussing this question several related is- 
sues should be distin^ished. First, what is the 
effect of an industry's market structure on the 
amount it spends on R. & D. ? Although the re- 
sults obtained by Hamberg [31], Mansfield [48], 
and Scherer [73] are extremely tentative, they do 
not suggest that total R. & D. expenditures in most 
industries would decrease considerably if the larg- 
est firms were replaced by several smaller ones. 
However, if concentration were reduced greatly, 
one would expect a conside’"ible decrease, since 
firm size often musjt exceed a certain minimum for 
R. & D. to be profitable. 

Second, what is the effect of an industry’s mar- 
ket structure on the productivity of a specified 
amount spent on R. & D. ? To the extent that the 
tentative results described in section 10 are de- 
pendable, they indicate that the R. & D. expendi- 
tures carried out by the largest firms are generally 
no more productive per dollar of R. & D. expendi- 
tures than those carried out by somewhat smaller 



“Nelson [62],p. 17. 



DIFFUSION OF CHANGE 



11-119 



films. Third, what is the effect of an industry s 
market structure on the rapidity with which new’ 
processes and products, developed by both fb® 
dustry and others, are introduced commercially? 
The answer seems to depend very heavily on the 
types of innovations that happen to occur. If they 
require very large amounts of capital, increased 
concentration appears to lead to a mor^ rapid in- 
troduction ; if they require small amounts of capi- 
tal, this may not be the case [48a] . 

Finally, what is the effect of an industry’s mar- 
ket structure on how rapidly innovations, once in- 
troduced, spread throughout an industry? The 
I very small amount of evidence bearing on this 
I question seems to suggest that greater concwitra- 
tion may be associated with a slow^er rate of dif- 
fusion. How’ever, the observed relationship is ex- 
tremely weak and could well be due to chance. 

13. Summary and Conclusion 

The principal points of part III can be summa- 
rized as follows: First, the rate of technological 
change in an industi’y depends to a large extent on 
the am^,ant of resources devoted by members of the 
industry and by the Government to the improve- 
ment of the industry’s technology. The amount of 
resources devoted oy the Government depends on 
how closely the industry is related to the defense, 
medical, and other social needs for which Govern- 
ment assumes primary responsibility ; on the ex- 
tent of the external economies generated by the 
relevant R. & D. ; and on various political factors. 
The amount of resources devoted by private m- 
dustiy depends heavily on the expected profitabil- 
ity of this kind of investment. , TT -L J 

Second, total E. & D. expenditures in the United 
States have increased spectacularly during the last 
several decades, with much of ^ the E. & U. P®!*" 
formed by industi^ and universities bemg financed 
by the Federal Government. At present, three 
agencies, DOD, NASA, and AEG, account for 
abount 90 percent of the E. & B. expenditures of 
the Federal Government. Their primary pur- 
pose is the development and improvement of 
weapons systems, the advancement of the space 
program, and the development of atomic energy. 
The bulk of their expenditures is for development, 
not research, and most of their research expendi- 
tures are in the physical and engineering sciences. 

Third, although the independent inventor is still 



important, the E. & I), departments of industrial 
concerns are becoming more and more significant 
as a source of inventions. E. & D. is spread very 
unevenly among industries, being highest, as a 
percent of sales, in the aircraft. Instruments, elec- 
trical equipment, and chemical industries. \Yhm 
company-financed E. & D. rather than E. D. 
performance is considered, the differences among 
industries are reduced; however, the industries 
remain in much the same rank order, with instru- 
ments, electrical equipment, chemicals, and rna- 
chineiy highest. 

Fourth, it is extremely difficult for a firm to 
evaluate the returns from its investment in re- 
search and development, a difficulty reflected in 
the process of industrial decisionmaking regarding 
E. & D. In the late fifties and early sixties, the 
expected returns from E. D. seem to have b^n 
higher than from investment in plant and equip- 
ment. More recently, firms seem to be scrutiniz- 
ing their E. & D. expenditures more carefully and 
are somewhat less optimistic about returns. With 
regard to the riskiness of industrial E. & D., studies 
indicate that more than 50 percent of a firm’s 
E. & D. proi ects generally fail and that cost and 
completion date estimates of projects generally are 
venr poor. 

Fifth, a number of economists believe that there 
is an underinvestment in E. & D. because private 
returns do not adequately reflect social returns. 
Others charge that there is a malallocation of 
E. & B. expenditures. The commonly recom- 
mended remedies are Government grants and tax 
credits to support additional E. B. in deficient 
areas. Numerous proposals have also been made 
to increase the efficiency of military and ^ space 
E. & B. Unfortunately, there is far less evidence 
to guide public policies in these areas than would 
seem desirable. 

Finally, economists have been concerned for 
many years with the relationship between an in- 
dustry’s market structure and its technical pro- 
gressiveness. Recently, empirical studies that ap- 
ply modern econometric techniques have been 
emphasized. The results, which are ptremely 
tentative, provide little evidence that industrial 
giants are needed in all, or even most, industries 
to insure rapid technological change. However, 
this does not mean that very large firms are not 
needed in some industries. Again, unfortunately, 
there is far less evidence than seems desirable. 
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1. Introduction 

Technological change has been defined as a shift 
in the production function, i.e., a new relationship 
between input and output. This new relationship 
is potential, not actual, since firms are fr^ to adopt 
new tecliniques as slowly or as rapidly as they 
please, subject of course to the constramts imposed 
IV the marketplace. Consequently, the rate ot cUt- 
■ "usion of an innovation is of great importance be- 
cause it determines how rapidly productivity m- 
creases in response to the new technique. How 
rapidly do innovations spread? What determmes 
thmr rate of diffusion? mat sorts of firms tend 
to be the technical leaders and followers? Is dit- 

fusion more rapid now than in the past? 

Section 2 discusses the importance of innova- 
tion, as well as the timing of important innova- 
tions. Section 3 presents data regarding the rate 
of diffusion of innovations in various mdustnes. 
Section 4 discusses the factors determining how 
rapidly an innovation spreads. Sections 5 
6 are concerned with the chavactenstics ot the 
firms that are relatively quick or slow to ^ovate. 
Section 7 discusses the determinants of the mtra- 
firm rate of diffusion of an innovation. Section 
8 examines the available evidence to see whetner 
the diffusion process seems to be more rapid now 
than in earlier years. Section 9 discusses the use 
of performance-based Federal procurement as a 
spur to innovation. Section 10 summarizes the 
finding's. 

2. Innovation: Importance and Timing 

An invention applied for the first time becomes 
an innovation. The distinction is important be- 
cause an invention has little or no economic signifi- 
cance until it is applied. Innovation is a key 
stage in the process of technical progress.^ The 
innovator — the firm that first applies the inven- 
tion — ^must be willing to risk introducing a new 
and untried process, good, or service. By testing 
the actual performance of the invention, the inno- 
vator plays a vital social role. 

The lag between invention and innovation varies 
substantially, since some inventions require 
changes in tastes, technology, and factor prices 
before they can profitably be utilized, whereas oth- 
ers do not. But beyond this, the only data we 
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have about the distribution of this lag are pro- 
vided by Enos [21] who estimated the time in- 
terval between invention and innovation for 11 
important petroleum refining prwesses and 35 
important products and processes in a variety of 
other industries. Needless to say, these data are 
extremely rough, since the sample is not random 
and such concepts as “invention” and “innovation” 
are not easy to pinpoint and date. N qnethel^s, his 
results provide some feel for the distribution of 
the lag. 

TaWe 16 shows that the lag avera^d about 
13 years in the petroleum industry and about 14 
years in others. Its standard de"\dation is about 
5 years in the petroleum industry and 16 years 
in the others. Enos [21] concludes that : 

Mechanical innovations appear to require the short- 
est time interval with chemical and pharmaceutical 
innovations next. Electronic innovations took the 
most time. The interval appears shorter when the 
inventor himself attempts to innovate than when 
he is content merely to reveal the general con- 
cept.®^ 

Table 16. Estimated Number op Years Between 
Invention and Innovation, 46 Inventions, Selected 
Industries 



Invention * 



Interval 



Invention 



Distillation of hydro- 
carbons ^vith heat and 

pressure (Burton) 

Distillation of gas oil 
with heat and pressure 

(Burton) 

Continuous cracking 

(Holmes-Manloy) 

Continuous cracking 

(Dubbs) 

*‘Clean circulation” 

(Dubbs) 

Tube-and-tank process..- 

Cross process 

Houdry catalytic crack- 
ing 

Fluid catalytic cracking- 
Gas lift for catalyst 

pellets 

Catal^ic cracking 

(moving bed) 

Safety razor 

Fluorescent lamp 

Television 

Wireless telegraph 

Wireless telephone 

Triode vacuum tube 

Radio (oscillator) 



24 

3 



Spinning jenny... 
Spinning machine 
(water frame) ... 

Spinning mule 

Steam engine 

Ballpoint pen 

DDT 



11 

13 

3 

13 

5 

0 

13 

13 

8 

0 

79 

22 

8 

8 

7 

8 



Electric precipitation 

Freon refrigerants 

Gyrocompass 

Hardening of fats 

Jet engine 

'^urbojet engine 

Longplaying record 

Magnetic recording 

Plexiglass, Incite.. 

Cotton picker 

Nylon 

Crease-resistant febrics 

Power steering 

Radar 

SoU-winding watch 

Shell moulding 

Streptomycin 

Terylene, dacron 

Titanium reduction 

Xerography 

Zipper 



Interval 



6 

6 

4 
11 

6 

3 

25 

1 

56 

8 

14 

10 

3 

6 

3 

53 

11 

14 

6 

13 

6 

3 

5 
12 

7 

13 

27 



1 The first 11 inventions in this column occurred in petroleum refining. 
For the estimated dates of invention and innovation and the Identity of the 
inventors and innovators, see Enos 121]. 

Source: Enos [21], pp. 307-308. 




^ Enos [21], P. 309. 
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i Mansfield [49] has studied the timing of about 
! 175 significant innovations in the iron and steel, 
petroleum refining, and bituminous coal industries. 
According to his results, process innovations were 
: most like^^ to be introduced during periods when 
1 these industries were operating at about 75 percent 
of capacity. Contrary to the opinion of many 
economists, there was no tendency for innovations 
to cluster at the peak or trough of the business 
cycle. . Apparently process innovation at the 
trough was discouraged by the meagerness of 
profits and the bleakness of future prospects; at 
the peak, it was discour oged by the lack of un- 
utilized capacity. For product innovations, there 
was no evidence that the rate of innovation varied 
significantly over the business cycle. 

3. Rates of Diffusion 

Once an innovation has been introduced by one 
firm, how rapidly does it spread? One of the 
earliest noteworthy studies of this question was 
i made by Jerome [33] in 1934. His findings, based 
! on data for 23 machines for periods ranging from 
11 to 39 years, indicate 

... the following estimates of the typical duration 
of periods in their life histories: Commercial trial, 

3 to 11 years; rapid increase in use, 4 to 11 years; 

' slackened increase (with a customary annual gain of 
I less than 10 percent) , 3 to 6 years ; declineof undefined 

1 length. Processes and types of equipment suffer de- 

clines for long periods before they pass completely out 
i of use. They linger on in small plants and for special 
uses long after they have been replaced by new pro^ 
esses or equipment in the major part of the industry. 

In 1961, Mansfield [50] studied how rapidly the 
use of 12 innovations spread from enterprise to 
enterprise in 4 industries — ^bituminous coal, iron 
and stech brewing, and railroads. The innova- 
tions are the shuttle car, trackless mobile loader, 
and continuous mining machme (^bituminous 
j coal) ; the byproduct coke oven, continuous wide 
I strip mill, and continuous annealing line for tin- 
plate (iron and steel) ; the pallet-loading machine, 
tin container, and high-speed bottle filler (brew- 
ing) ; and tlie diesel locomotive, centralized tranic 
control, and car retarders (railroads) . 

Figure 6 shows the percentage of major firms 
that nad introduced each of these innovations at 
various points in time. To avoid misunderstand- 
ing, note three things regarding these data : First, 

1 because of difiiculdes in obtaining inf ormation con- 
1 ceming smaller firms and because in some cases 
I they could not in any event have used the iimova- 
itions, only firms exceeding a certain size are in- 
I eluded. Second, the percentage of firms that in- 
, troduced an innovation, regardl^ of the scale on 
I which they did so, is given. Third, in a given in- 
dustry most of the firms included in the case of 
one innovation were also included for the others. 



••Jerome [33], pp. 20-21. 
206-764— 66— vol. II 9 



Thus the data for each innovation are quite com- 
parable in this regard. 

FiQUEE 6. Growth in the Percentage of Major Firms 
That Introduced 12 Innovations, Bituminous Coal, Iron 
and Steel, Brewing, and Railroad Industries, 1890-1958 

Percent of 
major firms 




Source: Mansfield [50]. 

a. Byproduct coke oven (CO), diesel locomotive (DL), 
tin container (TO), and shuttle car (SO). 

b. Car retarder (OR), trackless mobile loader (ML), con- 
tinuous mining machine (CM), and pallet-loading 
machine (PL). 

c. Continuous wide-strip mill (SM), centralized traffic 
control (OTO), continuous annealing (OR), and high- 
speed bottle filler (BF). 



Two conclusions emerge from figure 6. First, 
the diffusion of a new technique is generally a slow 
process. From the date of the first successful com- 
mercial application, it took 20 years or more for 
all the major firms to install centralized traffic con- 
trol, car retarders, byproduct coke ovens, and con- 
tinuous annealing. Only in the case of the pallet- 
loading machine, tin container, and continuous 
mining machine did it take 10 years or less for their 
installation by all the major fims. 

Second, the rate of imitation varies widely. 
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Sometimes it took decades for firms to adopt a new 
teclinique, but in other cases the innovator was 
imitated very quickly. For example, 15 years 
elapsed before half the major pig iron producers 
used the byproduct coke oven, but only 3 years 
elapsed before half the major coal producers used 
the continuous mining machine. The number of 
years elapsing before half the firms introduced an 
innovation varied from 0.9 to 15. 

Interesting studies of the diffusion of agricul- 
tural and pharmaceutical innovations have been 
carried out by Griliches [29], Kyan and Gross 
[70], and Coleman^ Katz, and Menzel [12]. Gri- 
liches’ wiork is primarily concerned 'wdth differ- 
ences among regions in the rate of diffusion of 
hybrid com. .fflthough serious research on hy- 
brid com was begun early in the century, the firet 
application of the research results on a substantial 
commercial scale did not occur until the thirties. 
As shown in fi^re 7, some regions began to use 
hybrid com earlier th^m othe:re; and once they had 
begun, some made the transition to full (or almost 
full) adoption more rapidly than others. For 
example, me time interval from 20 to 80 percent of 
full adoption was 8 years in Alabama but only 3 
in Iowa. 

Figtjbb 7. Percentage of All Oom Acreage Planted to 

Hylrid Seed 

Percent 




Eyan and Gross [70] also investigated the dif- 
fusion of hybrid com, but confined their attention 
to about 250 farms in two small Iowa communities. 
Grand Junction and Scranton. Their major find- 
ings were : First, the growth in the percentage of 
users followed an S-shaped curve, as shown in fig- 
ure 8. Second, three stages were recognipd in the 
adoption process : Awareness (first hearing about 
the new idea), trial (first use), and adoption (100 
percent use) . The period from awareness to com- 



plete adoption averaged about 9 years for the re- 
spondents, with about 5.5 years elapsing from 
awareness to trial, and about 3.5 years from trial 
to 100 percent use. Coleman, Katz, and Menzel 
[12] analyzed the diffusion of a new antibiotic, re- 
ferred to as “gammanym” (a pseudonym) that ap- 
peared in late 1953. The data, which came from 
four cities in Illinois in 1954, showed the rate at 
which physicians adopted gammanym, as evi- 
denced hy their record of prescriptions written. 

Figtjbe 8. Percentage of Farms in Iowa Community 1 
Accepting Hybrid Com j 

Percent 




Source: Ryan and Gross [70]. 



The results in figure 9 indicate that it took about a 
year for the percentage of users to rise from 20 to 
80. The detailed data obtained by Coleman, Katz, 
and Menzel are useM in analyzing in depth the 
patterns of influence and the channels through 
which an innovation spreads. 



4. Determinants of the Rate of Diffusion 



Before taking up the question of what deter- 
mines an innovation’s rate of diffusion, we should 
consider the determinants of the ultimate, or equi- 
librium, level of use of the innovation. For a new 
process used to make an existing product good or 
provide an existing service, the equilibrium level 
of use depends on the extent of its economic advan- 
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tages over the inputs it is to replace and on the 
sensitivity of the demand for the product it pro- 
duces to any price decline or quality mcrease in- 
duced by the invention. For a new final good, the 
equilibrium level of use depends on how much 
consumers are willing to purchase at the PJice at 
which it can be produced and marketed profitably. 

Four factors seem to be most important in de- 
termining how rapidly the innovation’s level of 
utilization approaches this ultimate, or equilib- 
rium, level. First, the extent of the economic ad- 
vantage of the innovation over older methods or 
products seems to be an extremely iniportant d^ 
tenninant of tho rat© of diffusion. Mansfield [50J 
has provided considerable evidence that more 
profitable inno^rations spread more rapidly than 
less profitable ones. Griliches [29] has shown 
that hybrid com spread more rapidly m areas 
where it was more profitable than m areas where 
it was less so. 

FiGUBE 9. Percentage of Doctors Accepting Oammanyn 
in a 16-Month Period, Selected Oommumttes 




8 10 12 14 

Months 



1617 



Second, the extent of the uncertainty associated 
with using the innovation when it first appears 
is another important variable. If potentianisers 
are very uncertain of the innovation s perfo^- 
ance, the invention tends to spread less rapidly 
than if they are relatively sure of its performance. 
Thus, new ideas that are relatively simple to 
understand seem to be accepted inore rapidly than 
more complicated ones. Also, id^s which <^n 
easily be verified, which have readily identihable 
results, and which are consistent with existing 
ideas and beliefs, seem to spread more rapidly than 

others. „ , v 

Third, there is the extent of the commitment 
requirea to try out the innovation. Mansfield I oO j 
has shown that the rate of diffusion of an indus- 
trial innovation is inversely related to the size or 
the investment required to use the innovation, and 
a tendency of this sort has also been noted among 
agricultural innovations. 

Practices such as fertilizer applications, different 
fertilizer analyses, feed additives, weed sprays, or 
seed varieties may be tried on a sample basis and the 
results compared with those from previous practices. 
However, bulk milk tanks and milk parlors cannot 
be tried out easily on a small scale. A practice that 
can be tried on a limited basis will generally be 
adopted more rapidly than one that cannot. 

Fourth, there is the rate of reduction of the 
initial uncertainty regarding the innovation s per- 
formance. The nature of some innovations is 
such that information regarding their perform- 
ance can be obtained quickly ; others require a long 
time. For example, one of the great imcertamties 
regarding the byproduct coke oven was its length 
of life— a variable that could be measured only 
after a considerable number of y^rs. ^so, if 
the potential users have the sophistication and 
training that permit them to understand mfor- 
mation about the innovation and to experiment 
with it effectively, their initial uncertamty is likely 
to be less and it is likely to d'^crease more rapidly 
over time. 

Based on these hypotheses, Mansfield [50J has 
constructed and tested a simple model built largely 
around one central idea — that the probability that 
a firm will introduce a new technique increases 
with the proportion of firms already using it and 
the profitability of doing so, but decreases with the 
size of the investment required. When confronted 
witli data for a small number of innovations, this 
model seems to stand up surprisingly well, an equa- 
tion of the form predicted by the model explammg 
practically aU of the variation in rates of diliusion. 
Although the model is still in the experimental 
stages, it seems to be a promising forecasting 

device. 



Source. Coleman, Kafz, and Moniel [12]. 



Bohlen, et al. [S]. p. 4. 
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5. Characteristics of Technical Leaders and 
Followers: Evidence From Agriculture 

Kural sociologists and economists have made a 
large number of interesting studies of the charac- 
teristics of teclmical leaders and followers in agri- 
culture. They often categorize farmers as inno- 
vators (the first 2.5 percent to adopt a new proc- 
ess), early adopters (the next 13.5 percent to adopt 
it), early majority (the next 34 percent), late ma- 
jority (34 percent), and late adopters (final 16 
percent). The studies indicate important differ- 
ences among these five categories with regard to 
attitudes, values, social status, abilitieSj group 
memberships, and farm business characteristics. 

First, consider attitudes and values. Innovators 
have more favorable attitudes toward, science and 
are more likely than others to have direct contact 
with scientists. Laggards pla(^ more faith in 
agricultural “magic” and traditional beliefs than 
do innovators and early adopters. Innovators 
tend to place less value on being debt free and are 
more willing to borrow money. They have more 
venturesome attitudes and reach decisions more 
quickly than the others. Although the findings 
have not been entirely consistent, most studies have 
found laggards to be older than innovators. 

Second, consider abilities and social status. 
Generally farmers who are quickest to adopt new 
techniques have the most formal education, have 
special mental abilities, and read more farm maga- 
zmes and extension bulletins than laggards. In- 
novators have a higher social status than laggards. 
They generally have greater community prestip, 
larger farms, higher incomes, and more wealth 
than the others. However, their farming methods 
may not be respected by other farmers in the 
community. 

Third, consider group memberships. Farmers 
who are early in using new tecliniques are more 
active in farm organizations, cooperatives, PT A ’s, 
and churches. Innovators are more active in state- 
wide and county wide organizations; to the extent 
that laggards are in any groups at all, they are in 
neighborhood and community groups. Family 
ties are stronger for the late majority and laggards 
than for innovations and early adopters. The 
friendship pattems of the laggard tend to be re- 



stricted to his community, while those of the inno- 
vator tend to be more cosmopolitan. Innovators 
travel more widely than other farmers. 

Community norms affect the respect that innovators 
receive. In “progressive” communities, innovators 
may be looked to by their neighbors for information 
and advice. In “backward” communities, their farm- 
ing methods are viewed with suspicion by their neigh- 
bors who are less prone to change.*® 

Fourth, consider the economic characteristics of 
the farmers and their farms. Innovators tend to 
have larger farms, higher gross farm incomes, 
greater farm efficiency, more specialized enter- 
prises, and greater farm ownersliip. Of course, 
many of these characteristics are by no means 
surprising. 

Finally, available data indicate that farmers’ 
sources of information regarding innovations vary 
depending on the stage of the adoption process. 
Table 17 shows that mass media sources are most 
important at the awareness and interest stages. 
Neighbor and friends are most important at the 
evaluation and trial stages. Also, there is evidence 
of a “two-step flow of communication,” as Katz 
[36] calls it. Early users tend to rely on informa- 
tion sources beyond their peer group’s experience. 
After they begin to use the innovation, they be- 
come a model for their less expert peers who then 
imitate them. 

6. Characteristics of Technical Leaders and 
Followers : Evidence from Industry 

Farms are small economic units, often with a 
siimle proprietor; thus it is easier to study the 
difmsion of an innovation in agriculture than in 
industry where firms often are gigantic organiza- 
tions. Nonetheless, some work pertaining to in- 
dustry has been done. Mansfield [51] studied the 
effect of seven characteristics of a firm and its 
operations on the rapidity of adoption of new tech- 
niques. These factors are the firm’s (1) size; (21 
expectation of profit from the innovation; (3) 
rate of growth; (4) profit level; (5) management 



« Hid., p. 6. 

*« Section 6 Is taken largely from “Innovation in Individual 
Firms,” NSF Reviews of Data on Research and Development, 
No. 84. 



Table 17. Rank Order of Information Sources by Stage in the Adoption Process (Agriculture) 



Bank 


Awareness Oeams about a 
new idea or practice) 


Interest (gets more 
information about it) 


Evaluation (tries it out 
mentally) 


Trial (tries a little) 


Adoption (accepts it for 
full-seme ui/j) 


1 


Mass mcdia—radio, TV, 
newspapers, maRazincs. 
Friends and neighbors— 


Mass media 


Friends and neighbors — 


Friends and neighbors — 


Friends and neighbors. 


9 ... . 


Friends and neighbors..— 


Agricultural agencies 


Agricultural agencies 


Agricultural agencies. 


a _ 


mostly other farmers. 
Agricultural agencies— 
Extension, Vo Ag, etc. 

ah /I CAlAQTTinn 


Agricultural agencies 


Dealers and salesmen 


Dealers and s^esmen 


Mass media. 


1 


Dealers and salesmen 


Mass media 


Mass media 


Dealers and salesmen. 




l./UalUra UllU iKiivoiLiLii «•••••• 









Sourck: Bohlen, J., et al., Adopters of New Farm Ideas, North Central Regional Extension Pub. No. 13, October 1961, table 1. 
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personnel’s age; (6) liquidity; and (T) profit 
trend. First, in considering size, larger firms 
might be expected to introduce an innovation more 
quickly than small ones because: (1) Since larger 
firms have greater financial resources, more exten- 
sive engineering departments, better experimental 
facilities, and closer ties with equipment manufac- 
j turers, they can pioneer more cheaply and with less 

I risk; (2) innovations are more adaptable to larger 

i firms because they have a wider range of operating 
1 conditions; (3) since large firms have more units 
of a particular type of equipment, they are more 
likely to have at any one period some units which 
need replacement. Thus, an innovation designed 
to replace this equipment can be more quickly 
adopted by a larger firm. The findings substan- 
tiated this hypothesis, and results provided esti- 
mates of the quantitative effects of differences in 
size of firm on the speed at which an innovation is 

introduced. , , rii. jl. i.i 

Second, in considering expected profit trom tfie 

innovation, the higher the expected retuni, the 
quicker the innovation could be expected to be 
adopted. Introduction of a new technique would 
be delayed if the return were not deemed adequate 
to offset the risk. Mansfield could obtain only 
partial data on the profit expectation oi the 
various innovations; thus he was handicapped in 
drawing conclusions from tests of this hypothesis. 
However, available data strongly indicated that 
the investment’s profitability is important in deter- 
mining how rapidly an innovation is adopted. 
Moreover, estimates were obtained of the quantita- 
tive effects of this factor on a firm’s rate ot 

response. ^ 

Third, in considering the firm s growth rate, tfie 
more rapidly a firm is growing, the more respon- 
sive it could be expected to be in adopting an in- 
novation. An expanding firm can introduce an 
I innovation into new plants, whereas one that is 
1 not growing must wait until it can profitably re- 
place existing equipment. Several other studies 
&SO suggest that this factor rnay often be impor- 
1 tant. However, the results of Mansfield’s study 
1 revealed no close relationship between a firm s 
I rate of growth and the rate at which it adopts an 

I innovation nor was the effect of the factor statis- 

tically significant. Fourth, in considering profit 
level, more prosperous firms might be expected to 
adopt a new technique more quickly than those 
with low profit levels. Since less prosperous firms 
have smaller cash inflows and poorer credit rating, 
they experience greater difficulty in financing ^e 
investment and are, therefore, in a less favorable 
position to take the risk involved in bemg one of 
the first to adopt an innovation. However, results 
of Mansfield’s study showed no close relationship 
between a firm’s profit and the rate at which it 
adopts an innovation ; the effect of this factor was 
not statistically significant. 



Fifth, in considering the age of management 
personnel, firms with younger top management 
personnel might be expected to adopt an innova- 
tion more quickly than those with older top man- 
agement. It is often asserted that younger man- 
agements are less bound by traditional ways, and 
some evidence does indicate that this is true in ag- 
ricultural enterprises. Yet no evidence of this re- 
lationship was found in this studj^, the effect of 
the factor being statistically nonsignificant. 

Sixth, in considering liquidity, the more liquid 
firms, because they are better able to finance an 
investment, might be expected to begin using a new 
teclmique more quickly than the less liquid firms. 
The testing of this hypothesis was limited only to 
a few innovations because of the lack of sufficient 
data, and in these cases, the effect of liquidity on 
speed of response was not statistically significant. 

Seventh, in considering profit trend, firms with 
decreasing profits might be expected to be more 
responsive to a new technique, because they would 
pr^ably be stimulated to search more diligently 
for new alteniatives of production. This hypothe- 
sis could be tested for only a few innovations be- 
cause of insufficient data, and in these cases the 
effects of a firm’s profit trend were not statistically 
significant. 

7. Intrafirm Rates of Diffusion of an Innovation 

Various factors influence the intrafirm rate of 
diffusion, that is, tne rate at which a firm, once it 
has begun to use a new technique, continues to sub- 
stitute it for older methods. To determine the 
factors contributory to a high rate of intrafirm 
diffusion, Mansfield [52] studied one of the most 
significant innovations developed in the interwar 
period, the diesel locomotive. The purpose was to 
determine how rapidly railroads substituted diesel 
power for steam once they had begun to dieselize. 

Statistical results (based on ownership data) 
showed that about two-thirds of the variation in 
the rate of intrafirm dieselization among the rail- 
roads can be explained by the following four fac- 
tors: Profit expectation of the investment in diesel 
locomotives, the date when a firm began to die.sel- 
ize, size of the firm, and a firm’s initial liquidity. 
Furthermore, the effect of each factor was in the 
expected direction and^ with the exception of a 
firm’s size, statistically significant. 

Not statistically significant were the effects of 
three other factors included in the study : V aria- 
tion in age distribution of a firm’s steam loco- 
motives, a firm’s profit level, and its average length 
of haul. Other important factors were omitted m 
the study because they could not be measured satis- 
factorily. Among these were (1) the amount of 
sales pressure the diesel locomotive manufacturers 
exerted on firms; (2) the training of a firm’s tech- 
nical officers and top management and their atti- 
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tildes toward risk taking; and (3) fluctuation in 
the profitability of a firm’s investment in diesel 
locomotives. 



8. Has There Been an Increase in the Rate of 
Diffusion? 

Led by Charles Killingsworth [40] ^ a number 
of economists have claimed that umovations 
spread much more rapidly now than in the past, 
presumably because of the development of im- 
proved communication channels, more sophisti- 
cated methods for determining when equipment 
should be replaced, and more favorable attitudes 
toward technolimcal change. While the increase 
in the rate of dimision is a question of considerable 
importance, available data are unfortunately ex- 
tremely limited. Killingsworth admits that he 
has little or no quantitative evidence to support his 
proposition, and the only attempt to provide such 
evic ence is contained in a 1961 study by Mansfield 
[50] of 12 innovations. The findings must be 
viewed with caution, since they pertain to only a 
few innovations and only four industries — iron 
and steel, railroads, bitummous coal, and brewing. 
Note too that they provide no infonnation regard- 
ing the lag between invention and innovation. 

To see whether the rate of diffuaon has tended 
to increase over time, time was included as an 
explanatory variable in the analysis, as well as the 
profitability of the innovation and the size_ of the 
mvestment required to introduce it. In this way, 
an attempt was made to hold constant the effects 
of profit^ility and size of investment. While re- 
sults indicated some apparent tendency for the 
rate of diffusion to increase over time, this tend- 
ency was very weak — the time interval between 
20 and 80 percent adoption declined on the average 
by only four-tenths oi 1 percent per year — and this 
could easily have been due to chance. Thus, this 
very limited evidence provides little or no basis 
for the belief that, all other things equal, innova- 
tions spread much more rapidly now than 20 years 
ago. 



9. Performance-Based Federal Procurement 

With the emphasis on economic growth, consid- 
erable attention has been devoted to ways of in- 
creasing the rate of innovation. One device prom- 
inent in recent discussions is performancehased 
Federal procurement. Its proponents claim that 
by formulating performance criteria rather than 
product specifications for the products, systems, 
and services it purchases, the Federal Government 
will (1) free industry to innovate, limited only by 
the requirement that certain specified functions 
be performed; (2) encourage cost reduction for the 
Government itself; and (3) serve as a pilot cus- 
tomer for technical innovations where it repre- 



sents either a big enough market or one sufficiently 
free from local restrictions, codes, etc., to make 
innovating worth industry’s while. 

The Federal Government’s role as a pilot cus- 
tomer is important in that State and local govern- 
ments may De stimulated to apply new t^hnolo- 
gies by demonstrations of their successful use in 
Federal programs. There is considerable feeling 
in some quarters that the diffusion of new tech- 
nology in State and local programs is impeded 
unnecessarily by the desire of local officials to buy 
locally [6], the influence of labor unions on build- 
ing codes [58], lack of information by local of- 
ficials [6], fra^entation of local government [1], 
and the tendency to look for “product” rather than 
“functional” needs [59]. 

Performance '^riteria are already being applied 
in a numbc oi ivnCefense areas, such as the pro- 
curement of a.'te. ^^^ ales by the General Services 
Administration. JVx.vny observers believe that 
these criteria might be used in other areas as well, 
but according to Blaschke, three problems stand in 
the way : First, it is difficult to find the proper 
tradeoff between flexibility and standards that 
must be maintained. Second, there are adii^is- 
trative problems. Third, there is a problem in 

. . . finding technically competent officials who can 
review and analyze existing programs of nondefense 
procurement in light of new efficient alternatives 
whose technical characteristics might perform cer- 
tain new functions. Therefore, determining the per- 
formance criteria and test methods could present a 
problem.” 

10. Summary and Conclusions 

The principal points made in part IV can be 
sununarized as follows: First, the available evi- 
dence indicates that the average lag between inven- 
tion and innovation has been about 14 years. For 
petroleum innovations, the standard deviation of 
this lag is about 5 years; in all other industries 
combined, it is about 16 years. Apparently, me- 
chanical innovations required the shortest interval, 
and electronic innovations required the longest. 
In the industries we studied, process innovations 
were most likely to be introduced when an in- 
dustry was operating at about 75 percent of ca- 
pacity. Process innovation at the trough of the 
business cycle seems to have been discouraged by 
the meagemess of profits and the bleakness of fu- 
ture prospects; at the peak, it was discouraged by 
the lack of unutilized capacity. F or product inno- 
vations, there was no evidence that the rate of in- 
novation varied over the business cycle. 

Second, the diffusion of a new technique has 
generally been a slow process. For example, 
measuring from the date of first successful com- 
mercial application, it took 20 years or more for all 



3’ Blaschke [7], p. 30. 
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the malor firms to install centralized traffic con- 
trol, car retarders, byproduct coke ovens, and con- 
tinuous annealing. Nonethel^s, there h^ 
considerable variation among innovations in their 
rate of diffusion. Although it sometmes took 
decades for firms to install a new technique, m 
other cases they imitated the innovator ve^ 
quickly. In the 12 case.s shown m figine 6, the 
number of years elapsing before ^If 
introduced an innovation varied from 0.9 to lo. 

Third, an innovation’s rate of diffusion s^ms 
to be determined in large part by foim factors: 
The extent of the economic advantage of the mno- 
vation over older methods or producte, the e^ent 
of the uncertainty associated with usmg the mno- 
vation when it first appears, the extent of the com- 
mitment required to try out the mnovation, and 
the rate at which the initial uncertamty regard- 
ing the innovation’s performance can be reduced. 
A simple mathematical model seems to perform 
surprisingly weU, an equation of the form pre- 
dicted by the model explaining practically all the 
variation in rates of diffusion among a ,®ioall 
sample of innovations. Although the model is still 
in the experimental stages, it seems to be a prom- 
ising forecasting device. , . « 

Fourth, among industnal firms, the size of a 
firm and the profitability of its investment in the 
innovation seem to be related directly to the speed 



with which it begins using the innovation. How- 
6V6r* th©!© is no ©vid©nc© that a firm s sp©©d o 
response is related to its rate of growth, profit 
lev&, liquidity, profit trend, or age of its manage- 
ment personnel. Among farmers, technical lead- 
ers seem to be people of relatively advanced fomal 
education, higher social status, more cosmopohtan 
interests and social contacts. They have larger 
farms, higher gross farm incomes, greater fann 
efficiency, more specialized enterprises, and ^eater 
farm ownership than their slower competitors. 

Fifth, there is very little evidence to test the 
proposition often put forth by economists and 
others that innovations tend to spread much more 
rapidly now than in the past. Holdmg other 
factors constant, there is a slight tendency m this 
direction, but this could be due to chance. 

Finally, performance-based Federal procure- 
ment has received considerable attention as a possi- 
bl© spur to innovation. Its proponents 
by formulating performance cnteria rather than 
product specifications for the produrts, systems, 
and services it purchases, the Federal Government 
will free industry to innovate, reduce its cost, and 
seiwe as a pilot customer for technical innova- 
tions in areas where it represents a sigmfacant 
market. Also, they claim that State and loc^ 
governments ma»y be stimulated to apply new ^n- 
nologies once their successful application has been 
demonstrated in Federal programs. 
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It is difficult to summarize a paper which itself 
is a summary. Although the following are some 
of the more important points contained in the 
discussion, they give only a very sketchy and in- 
complete impression of the ^ound covered. They 
are Hsted to recall some oi the general areas dis- 
cussed and are by no means an adequate summary 

of the findings. . 

1. Economists define technological change as a 
shift in the production function, the_ production 
function being the relationship in a ^ven firm or 
industry between the quantity of various mputs 
capital, labor, land, etc.— and the maximuin out- 
put that can be produced. On the basis of various 
simplifying assumptions regarding the nature of 
the production function and the way it shifts over 
time, measures have been devised of the rate at 
which it shifts. The result typically is a single 
number, x percent per year, which is the estimated 
rate of increase in the quantity of output derivable 
from a fixed set of inputs that has increased at x 

percent per year. . 

2. Two types of productivity indexes are m 
common use — partial and total. The most com- 
mon form of partial productivity index is output 
per man-hour, which has important disadvptages 
as a measure of technological change, since it takes 
no account of changes over time in inputs other 
than labor. A better measure is the total produc- 
tivity index, which relates changes in output to 
changes in both labor and capital. However, the 
total productivity index assumes implicitly that 
isoquants are straight lines. To remedy this, 
economists have devised a number of measures of 
the rate of technological change that are based on 
more reasonable assumptions regarding the shape 
of isoquants. Some of these measures assume that 
technological change is organizational; others, 
that it is capital-enmodied. 

3. Using any of these measures, the level of 
technology in the United States seems to have in- 
creased considerably throughout this century, with 
the average rate of technological change ranging 
from 1.5 to 2.5 percent per year, depending on the 
measure u'^cd. The rate oi technological change 
seems to have varied perceptibly over time. Ee- 
gardless of which measure is used, there is consid- 
erable evidence that it was higher after World 
War I than before. There is also some evidence 
that it was somewhat higher after World War II 
than before, but this is by no means a certainty. 
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4. The rate of growth of total productivity 

seems to have varied considerably among indus- 
tries and nations. Over the long run, it seems to 
have been higher in communications and trans- 
portation than in mining, manufacturing, and 
larming. Within manufacturing, it seems to have 
been highest in rubber, transportation equipment, | 
tobacco, chemicals, printing, glass, fabricated | 
metals, textiles, and petroleum. Comparing the ' 
United States with Germany, J apan, Canada, mid | 
the United Kingdom during the postwar period, 
our rate of procmetivity growth seems lower than 
Germany’s and Japan’s, but at least equal to that | 
of Canada and the United Kingdom. . i 

5. These measures of the rate of technological j 
change have been used to estimate the relative 
importance of technological change in the process 
of economic growth. Studies of a decade ago esti- 
mated that ^out 90 percent of the long-tem in- 
crease in output per capita in the United States j 
was attributable to technological change and other | 
factors not directly associated with increases in j 
the quantity of labor or capital. A more recent j 
study concludes that the “advance of knowledge | 
contributed about 36 percent of the total increase ' 
in national income per person employed during ' 
1929-57. These estimates undoubtedly are con-ect 
in indicating that technological change played a 
major role, perhaps the most important one, in 
generating economic ^owth, but beyond this, i heir 
accuracy cannot be taken very seriously. 

6. Even the most sophisticated of these measures 

of the rate of technological change suffers from 
very important limitations. Because technologi- 
cal change is measured by its effects, and because 
its effects are measured by the giwth of output 
unexplained by other factors, it is impossible to 
sort out technological change from the effects of 
whatever inputs are not included explicitly in the 
analysis. In addition, the customaiy measures 
suffer from their exclusive focus on output, nar- 
rowly defined. The available measures are, there- 
fore, very imperfect guides, not precise measure- 
ments. , . . . 

7. The rate of technological change m an indus- 
try depends to a large extent on me amount of 
resources devoted by members of the industry and 
by the Government to the improvement of the 
industry’s technology. It depends too on the 
resources devoted to the improvement of technol- 
ogy in related industries (e.g., those supplying 
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materials and components). The amount of re- 
sources devoted by the Government depends on 
how closely the industry is related to the defense, 
medical, and other social needs for which the Gov- 
ernment assumes primary responsibility, on the 
extent of the external economies generated by the 
relevant E. & D., and on various political factors. 
The amount of resources devoted by private 
industry depends heavily on the expected profita- 
bility of the investment. 

8. Total E. & D. expenditures in the United 
States have increased spectacularly during the last 
several decades, and much of the E. & D. per- 
formed by industry and universities has been 
financed by the Federal Government. At present, 
three departments and agencies — the Department 
of Defense, the National Aeronautics and ^ace 
Administration, and the Atomic Energy Com- 
mission — account for about 90 percent of the 
E. & D. expenditures of the Federal Government. 
The primary purpose of these agencies’ expendi- 
tures is to develop and improve weapons systems, 

ush forward the Nation’s space program, and 
evelop atomic energy. The bulk of their expend- 
itures is for development, not research, and the 
bulk of their research expenditures are in the 
physical and engineering sciences. 

9. Although the independent inventor is still 
important, the E. & D. departments of industrial 
concerns are becoming a more and more important 
source of inventions. The performance of E. & D. 
is spread very unevenly among industries with 
E. & D. as a percent of sales highest in the aircraft, 
instruments, electrical equipment, and chemical 
industries. When company-financed E. & D. 
rather than E. & D. performance is considered, the 
differences am.ong industries are reduced, but the 
industries remain in much the same rank order, 
with instruments, electrical equipment, chemicals, 
and machinery being highest. 

10. It is extremely difficult for a firm to evaluate 
the returns from its E. & D. expenditures, a diffi- 
culty reflected in the process of industrial decision- 
making regarding E. & D. In the late fifties and 
early sixties, the expected returns from E. & D. 
seemed to have been higher than those from in- 
vestment in plant and equipment. More recently, 

. firms seem to be scrutinizing their E. & D. expendi- 
I tures more carefully and to be somewhat less 
i optimistic. With regard to the riskiness of indus- 
, trial E. & D., studies indicate that more than 50 
j percent of a firm's E. & D. projects generally are 
failures and that estimates of the cost and com- 
j pletion date of a project generally are very poor. 

11. A number of economists believe that there is 
j an underinvestment in E. & D. because private re- 
I turns do not adequately reflect social returns, 
j Others charge that there is a malallocation of E. 
I & D. expenditures. The commonly recommended 

remedies are Government grants and tax credits 
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to support additional E. & D. in the areas of defi- 
ciency. Also, numerous proposals have been made 
to increase the efficiency of military and space E. 
& p. Unfortunately, there is far less evidence to 
guide public policies in these areas than one would 
like. 

12. Economists have also been concerned for 
many years with the relationship between an 
industry's market structure and its technical pro- 
gressiveness. ^ Eecently, there has been an empha- 
sis on empirical studies applying modem econo- 
mepic techniques to this q^uestion. The results, 
w’hich are extremely tentative, provide little evi- 
dence that industrial giants are needed in allj or 
even most, industries to insure rapid technological 
change. However, this does not mean^ that very 
large Anns are not needed in some industries. 
Again, unfortunately, there is far less evidence on 
this score than one would like. 

13. Available evidence indicates that the aver- 
age lag between invention and innovation has been 
about 14 years. For petroleum innovations, the 
standard deviation of this lag is about 5 yeai’s; in 
all other industries combined, it is about 16 yeai’s. 
Apparently, mechanical innovations required the 
shortest interval, and electronic innovations, the 
longest. In the industries studied, process inno- 
vations were most likely to be introduced when 
an industry was operating at about 75 percent of 
capacity. Apparently, process innovation at the 
trough of the business cycle was discouraged by 
the meagemess of profits and the bleakness of fu- 
ture prospects; at the peak, by the lack of un- 
utilized capacity. For product innovations, there 
was no evidence that the rate of innovation varied 
over the business cycle. 

14. The diffusion of a new technique has gen- 
erally been a slow process. For examploj from the 
date of first successful commercial application, it 
took 20 years or more for all major firms to install 
centralized traffic control, car retarders, byproduct 
coke ovens, and continuous annealing. Nonethe- 
less, innovations have varied considerably in their 
rate of diffusion. Although decades passed before 
firms installed some new techniques, in other cases 
the innovator was imitated very quickly. In the 
12 cases shown in figure 6, the number of years 
elapsing before half the firm had introduced an 
innovation varied from 0.9 to 15. 

15. An innovation’s rate of diffusion seems to be 
determined in large part by four factors : The ex- 
tent of the economic advantage of the innovation 
over older methods or products; the extent of the 
uncertainty associated with using the innovation 
when it first appears ; the extent of the commit- 
ment required to try out the innovation ; and the 
rate at which the initial uncertainty regarding the 
innovation’s performance can be reduced. A sim- 
ple mathematical model seems to perform sur- 
prisingly well, with an equation of the form pre- 
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dieted by the model explaining practically all of 
the variation in rates of diffusion among a small 
sample of innovations. Although the model is 
still the experimental stages, it seems to be a 
promising forecasting device. 

16. Among industrial firms, the size of a firm 
and the promabilitj of its investment in the inno- 
vation seem to be dmectlv related to the speed with 
which it begms using tne innovation. However, 
there is no evidence that a firm’s speed of response 
is related to the firm’s rate of growth, profit level, 
liquidity, profit trend, or age of its management 
personnel. Among farmers, the technical leaders 
seem to be people of relatively advanced formal 
education, higher social status, more cosmopolitan 
interests, and social contacts. They also have 
larger farms, higher gross farm incomeSj greater 
farm efficiency, more specialized enterprises, and 
greater farm owner^ip than their slower 
competitors. 



17. There is very little evidence to test the propo- 
sition often put forth by economists and others that 
innovations tend to spread much more rapidly now 
than in the past. Holding other factors constant, 
there is a slight tendency in this direction, but it 
could be due to chance. 

18. Performance-based F ederal procurement has 
received considerable attention as a possible spur 
to innovation. Its proponents claim that by form- 
ulating performance criteria rather than product 
specifications for the products, systems, and serv- 
ices it purchases, the Federal Government will free 
industry to innovate, reduce its costs, and serve 
as a pilot customer for technical innovations in 
areas where it represents a significant market. 
Also, they claim that State and local governments 
may be stimulated to apply new technologies once 
their successful application has been demonstrated 
in Federal programs. 
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Productivity, Technology, and Employment in U.S. 

Ayriculture 



Introduction 

During the past 25 years, output per man-hour 

and per Lt o! input fn U A 

v'lnred ranidlv in comparison with agricultures 

IS Suctivity gams and with current rate 

S nrSCX adviSices in the non&m portion 

of fhe“my.. The increases in f 

been accompanied by ma]or 

organization of agricultural P^°^^'^^,Xodds ^ 

the combinations ot inputs used. By all odcls, me 

most important adji^ment has 
rsduction in tli6 totO/l [iinouiit of ^ fi,of 

ao-riculture. The laborsaving technologies that 
made this reduction possible have made a ma]or 
contribution to growth m 

bnt the adiustments have led to dimcult piooiems 
nf h?»e nSers of farmers, farmworkers, and 
rural youth have had to make the transfer to o ler 

““fKSpose of this paper will be to review the 
maior tec^iological changes that have been the 
b4ic source of unproved productivity in agricul- 
S a^“dScuss the interraations of teclmoiogical 
cC^fadj^stments in agricultoal emp 
and welfare of farm and rural people. In com 
clusion, future prospects in agriculture 
tossed and certain guidelines to remedial action 

suggested. 

Output, Inputs, and Productivity in Agriculture 

For several decades prior to 19t0, agriculture 
a or sevciax r ^ opoTinTTiv m the 




those in the rest of the economy. Then, from 1940 
on, agriculture increased its P^^““f 

of inV much more rapidly than did the rtet or 
fltP P/>onomv Bv 1957, agriculture was able to 
overS"the earh^r deficit and show 
"ain in productivity for the entire period 1890- 

the productivity 

ratio and its two 

total input^are shown in figure 2. The mdex^ 
in figure 2 reflect changes in farm 
nuts used, with components valu^ at constant 
nrices They are derived from IJ.S. Department 
??A^iculture series and differ somewhat from 

^^Dfring\hf'^S from 1890 to 1940, produc- 
tivity gams were very small. Output 
inputs were increasing almost as rapidly . Dur 
& decades, 190dl20, use of m ^ 
ture actually advanced more rapidly than output 



E 1. Total Factor Productivity, Farm and Nonfarm 



fprpnce is clearly evident in figure 1 whicn snows 
toial factor 

farm and nonfarm portions of the economy as 
measured by KendriA.' A ratio scale is usrf so 
Hmt caparison of slopes on the tod Imes indi- 
cates relative rate of growth m the mdexes. From 

1890 to 1920, productivity in faring ’m’the 
about one-third as much as productivity in the 

nonfarm portion of the economy. ‘*1® 

nert M years, from 1920 to 1940, prt^uctivity ad- 
" fn aiiculture approximately paralleled 

1961 




1890 1900 1^0 1920 1930 1940 1950 1960 1970 

Total lartor fot 



Year 


1890 


1900 


1010 


1920 


1930 


1940 


1950 


1957 


Nonfarm 

Farm 


100 

100 


111 

115 


124 

114 


145 

116 


170 

185 


219 

173 


271 

241 

. XTT>T 


307 

336 

?X> lOA 



Source: 
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FiQxniE 2. Output, Inputs, and Output Per Unit of Input 
In Agriculture 




Output, inputs, and output per unit of input in U.S. 
agriculture, 1890-1963; 1890=100. 



Year— 


1890 


1900 


1910 


1920 


1930 


1940 


1950 


1960 


1963 


Input 


100 


116 


130 


145 


154 


152 


162 


160 


162 


Output 

Productivity 


100 


130 


138 


150 


170 


190 


236 


285 


303 


100 


112 


107 


104 


111 


125 


147 


178 


188 



Source: Barton and Durost, “Productivity of U.S. Agriculture— A 
Long-Term Perspective,” Journal of the National ProducUvity Council, New 
Delhi, forthcoming. 



and the ratio of output to inputs fell. During 
that time, agriculture was making large addi- 
tions to acreage farmed but no major teclmolog- 
ical improvements were coming into widespre^ 
use. Beginning with 1920, the pa(^ of adding in- 
puts slackened while output continued to grow. 
Small productivity gains began to be achieved. 
Even during the depression-dominated decade 
from 1930 to 1940, productivity was growing, in. 
part because there was a net reduction m the total 
amount of inputs used in agricultural production. 

Relatively high rates of 2 percent per year gain 
in productivity b^an during the 1940’s and have 
continued to the present. This high rate of gain 
in output per unit of input has been achieved by 
holding the amount of mputs used virtually con- 
stant while continuing to increase output. In 
1963, aggregate input use in agriculture was ex- 
actly the same as it had been in 1950 and only 5 
percent above its 1940 level. Output grew by 28 
percent during the 14-year span, 1950-63, and 60 
percent from 1940 to 1963. 

Recent changes in the amount of labor used in 
agriculture and output per man-hour have been 
even more dramatic than changes in total inputs 
and output per unit of input (fig. 3) . By 1910, 
the amount of labor used for farmwork was al- 
ready close to its peak, more than 20 ye-’ s before 



total input use reached a peak. From 1910 to 
1930, the man-hours of labor used in agriculture 
remained virtually con^ant at about 23 billion 
man-hours and productivity of labor rose slowly 
with the slight upward trend in total farm output. 

During the decade from 1930 to 1940, a slow but 
unmistakable decline began in the total amount 
of labor used by agriculture. From 1940 on, the 
decline in agricultural use of labor was more 
rapid. Since farm output also grew more rapidly 
after 1940, the combined effect was a large in- 
crease in output per man-hour of approximately 5 
percent per year — more than double the rate of 
gain in output per unit of input. 



Figure 3. Labor Use and Productivity in Agriculture 




Year 


1890 


1000 


1910 


1920 


1930 


1940 


1950 


1960 


1963 


Output per man- 
hour 


100 


118 


118 


125 


146 


173 


291 


559 


659 


Output per unit 
input 


100 


112 


107 


104 


111 


125 


147 


178 


188 


Man-hours 


100 


no 


117 


120 


116 


no 


81 


51 


46 



Source: U.S. Department of Agriculture, Statistical Bulletin No. 233, 
1965. Barton and Durost, “Productivity of U.S. Agriculture— A Long- 
Term Perspective,” Journal of the National Productivity Council, New Delhi, 
forthcoming. 
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Improved technology has played the major role 
in advancing output and efficiency of resource use 
in agriculture. Output increasing teclmological 
changes have increased^ output per producing 
unit — per acre or per animal-^maSing it possible 
to meet growing demands without putting more 
resources into agriculture. Laborsaving innova- 
tions have decreased the labor requirements for 
farmwork and raised the efficiency with \^ch 
agricultural operations are performed. Both 
types of innovations contribute to increased ratios 
of output/inputs and output/man-hour. The out- 
put-increasing innovations raise the numerator 
and the laborsaving innovations make it possible 
to lower the denominator. 

Output-Increasing Technology and Output 
Levels 

The American public has for many years shown 
considerable interest in the development of out- 
put-increasing technologies that will, in popular 
phraseology, ‘‘cause two blades of grass to grow 
where only one grew before.” Back of this pub- 
lic interest has been concern that, unless means of 
increasing farm output were devised, the Nation 
would be faced with higher food prices and per- 
haps actual shortages of food. 

The concern was well founded. The approach- 
ing end of the supply of virgin lands was appar- 
ent well before the turn of the centuiw. By 1920, 
almost all cultivable lands had been brought into 
use. From then on, increases in food production 
had to come either from the use of more labor 
' and capital to cultivate the land more intensively 
j or the development of new, more productive tech- 
i nologies. The hopelessness of depending on in- 
! tensification alone had been well stated nearly 2 
centuries ago by Malthus.^ That approach would 
lead inevitably to declining productivity per unit 
i of labor and capital, increasing resource require- 
ments per unit of food produced and eventually 
a general regression in hving standards. 

Tlie logical and farsighted approach was to 
strive for the improved technolo^ that was 
needed to provide adequate food without demand- 
ing more labor and capital. The Land Grant Uni- 
versity System of teaching, research, and exten- 
sion education was set up about 100 years ago 
along_with the U.S. Department of Agriculture 
and Federal, State, and local funds appropriated 
to suppcit work toward that end. 

The results have been quite gratifying. Farm- 
ers have welcomed the new innovations. Private 
industry has Joined in with its own research pro- 
gram in several areas. The result has been that 
growth in farm output has been adequate to meet 
the food needs of a growing population (fig. 4). 

> Thomas Malthus, Bssay on Population (1st eC., 1708) 6th 
ed., London, Ward, Locke & Co., 1826. 



And this has been achieved without the need for 
intensification. The total inputs of labor and cap- 
ital, taken together, have not increased signifi- 
cantly for several decades. 

It would be impossible to enumerate all the 
technological innovations that have made these in- 
creases in output poss’ble. A brief summai^ of 
major sources of increased farm output is showu). 
in table 1. During the period from 1919-21 to 
1938-40, the reduction in farm-produced power 
(work animals) accounted for 51 percent of tne 
total increase in output and increasing crop pro- 
duction per acre accounted for 34 percent. Dur- 
ing the period from 1940-41 to 1955, increased 
crop production per acre added about twice as 
much to output as did the further reduction ni 
farm-produced power, and additional product 
added by livestock also made an important con- 
tribution to mcreased output. Unfortunately, a 
similar comprehensive analysis is not available for 
the period from 1955 to the present. However, it 
is safe to say that such a study would show con- 
tinued growth in importance of crop production 
per acre and a very sharp decrease m the contri- 
bution of reduction in farm-produced power. 

The importance of the reduction in farm-pro- 
duced power to increased farm output is often not 
fully appreciated. In 1920, when the number of 
horses and mules on farms was at its peak, 80 
million acres of cropland were used Just to supply 
hay and grain to the 27 million draft animals on 



Figure 4. U.S. Farm Output and U.S. Population 




Farm output and popuUtion, 1890-1963; 1890=100. 



Year 


1890 


1900 


1910 


1920 


1930 


1940 


1950 


1060 


1963 


Population 

Farm output 


100 

100 


121 

130 


147 

138 


166 

160 


196 

170 


210 

190 


240 

230 


285 

285 


299 

803 



Souece: Agricultural StatUtict, 1964. 
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Table 1. Percentage Contribution of Major Sources 
OF Increase in Farm Output, 1919-21 to 1938-40 
AND 1940-41 TO 1955 





Percentage of total increase 


Source of increase 








1919-21 to 


1910-41 to 




193S-10 


1955 


Increased crop production per acre 


34 


43 


Reduction in farm-produced power... 


61 


23 


Change in product added by livestock 


15 


25 


Net effect of other sources 


0 


9 


Total 


100 


100 



Source: Donald D. Durost and Qlcn T. Bai on, “Changing Sources of 
Farm Output," U.S. Department of Agrlcultu.o, Production Research 
Report No. 3G, I960, p. IV. 



farms. That acreage amounted to 20 percent of 
all land used for crop production. As farm trac- 
tors began to replace horses and mules, the land 
that had been committed to supplying their feed 
was released to produce crops for human con- 
sumption or feed for producing meat and livestock 
products. By 1940, the replacement of horses and 
mules was about half completed. By 1960, the 
amount of feed going to horses and mules had 
fallen to about 5 percent of its 1920 level. At the 
present time, only about 1 percent of the cropland 
in tlie Unit^ States is used to supply feed for 
horses and mules. There is essentially no further 
opportunity for adding to farm output by reduc- 
ing the numbers of horses and mules.^ 

Increased crop production per acre has been a 
more durable source of increased farm output and 
promises to be the major source of future gains. 
From 1910 to 1930, virtually no increase had been 
recorded in the U.S. Department of Agriculture’s 
index of crop production per acre nor in the av- 
erage yields of tlie major crops. Then from 1930 
to 1950, the index of crop production per acre grew 
by 25 percent — an average annual increase of 1.1 
percent. From 1950 to 1964, the index grew by 
C6 percent — slightly more than 2 percent per year. 
In *1964, crop production per acre was approxi- 
mately two-thirds greater than it had been during 
the period 1910-30. Many of the major crops 
show even greater increases in yield. 

Several teclmological developments contributed 
to the increase in crop production per acre. By 
far the most 'mportant of these has been the use of 
chemical fertilizers. Until the 20th century, the 
process of plant feeding had been based primarily 
on the use of natural organic materials such as 
animal and plant wastes, and legume crops grown 
especially for their nitrogen-supplying cliaracter. 
These had been laborious to apply to the land and 
limited in supply. Industriairy produced chem- 
ical fertilizers revolutionized the process of plant 
production. 

By 1910, commercial fertilizers were already be- 



ing used in fairly large amounts in certain parts of 
the countiy, notably the South. Use of these 
products grew slowly during the 1920’s and 1930’s. 
Even so, by 1940, increased use of fertilizer was 
credited as the source of one-fourth of the increase 
in crop production during the preceding 20 years.'* 

During tire 1940’s, the amount of commercial 
fertilizer use more than doubled. This alone ac- 
counted for one-half of the increase in crop pro- 
duction per acre and 20 percent of the total in- 
crease in farm output. In the 1950’s, increased 
fertilizer use contributed two-thirds of the increase 
in crop production and almost one-fourth of the 
increase in total farm ouput. The use of fertil- 
izer doubled again from 1950 to 1962 and in- 
creased by another 20 percent in just 2 years from 
1962 to 1964. 

The importance of fertilizer to crop yields ex- 
tends beyond its immediate contribution. The 
availability of fertilizers has made it possible to 
get more benefit out of higher yielding varieties, 
irrigation, and other inputs. 

Other factors have made important contribu- 
tions to increased crop production. Hybrid corn 
and sorghum seed increased yields of those crops 
some 20 percent. Irrigated cropland has grown 
from 14 million acres in 1920 to 33 million acres 
in 1959 and to an estimated 37 million acres in 
1964. Pesticides and other agricultural chemicals, 
totaling 634 million pounds in 1962 and having a 
sales value of $326 million, have reduced weed and 
pest damage to growing crops and thereby in- 
creased yields. Better timing of farm operations 
has reduced weather losses. Better management 
throughout the production process has also made a 
contribution. 

The product added by livestock has also been 
contributing an increasing amount to farm out- 

g ut. (Product added by livestock is the amount 
y which output of livestock exceeds the amount 
of farm-produced feeds that livestock consume.) 
Better breeding of animals, more scientific care, 
scientific mixing of rations and better control of 
diseases have all contributed to the rise in product 
added by livestock. Significantly, the number of 
breeding units of livestock has increased very little 
since 1920 but livestock production per breeding 
imit has doubled. 

Many of these output-increasing technologies 
have been highly profitable to tlie individual 
farmer when no account was taken of their even- 
tual effect ujDon the supply and price of farm prod- 
ucts. Hybrid corn seed that added $2 per acre 
to costs and $10 to $30 to gross returns was cer- 
tainly a good investment. The rate of return on 
expenditures for fertilizer has generally been 
greater than $2 per $1 spent. However, when all 
laimers adopted the new technologies, large ag- 
gregate increases in output began to make their 



* Durost and Barton, op. cit, p. 14. 



* Durost and Barton, op. cit*t p. 20. 
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weight felt on, markets and prices. It soon be- 
came apparent that the new technologies had the 
capability of expanding output more rapidly than 
the market for farm products was growing. Con- 
cern about the adequacy of food supplies changed 
I to a concern about the adequacy of markets for 
! farm products. 

I If the markets for farm products could be easily 
I expanded, an “excess” growth of production ca- 
I pacity would have caused no problems. Unfor- 
I tunately, the markets for farm products have been 
I unresponsive to market expansion efforts. 

! The difficulty arises from the fact that more 
than 76 percent of agricultural output is us«d do- 
i mestically for food and Americans are, by and 
I large, already well fed and quite disinterested in 
I consuming more food per person. Consumers’ in- 
i conies are rising but most additional spending is 
, for products oSier than food. The small addi- 
, tional amount that is spent for food items goes 
mostly for more “built-in maid service,” and very 
little additional farm output is sold. Lowered 
prices, advertising, and other market expansion 
efforts seem to have little effect on total food con- 
sumption.® Growth in population is about the 
only force that consistently works to expand do- 
mestic food markets. 

Two possibilities of circumventing the unre- 
sponsiveness of the food market that have been 
considered are to develop markets for nonfood 
I uses of farm products and to increi^e food exports 
to other countries. The nonfood markets liave 
i proven difficult to develop and hold. If anything, 
! agriculture is losing ground to other suppliers. 
I fie export market has shown considerable growth 
I in recent years, accounting for approximately 20 
I percent oi the growth in total utilization of farm 
roducts from 1950 to 1963. However, the big 
oost given to exports by growth of foreign as- 
j sistance during the 1950’s may not be duplicated 

I ® John M. Wetmore, Martin Abel, Elmer W. Learn, and Willard 
I W. Cochrane, “Expanding the Demand for Farm Products in the 
United States/* University of Minnesota, Technical Bulletin 231, 
1959, p. 101. 



in the near future. Future growth will depend 
importantly upon growth in purchasing power of 
countries now existing on a very minimal diet. 

Since growth in the market for farm products 
could not be speeded up to equal growth in out- 
put capacity, it has been necessary to reduce the 
overall size of the farm productive plant. Output 
had to correspond fairly closely with markets, 
either through the operation of supply and de- 
mand or through Government regulation. 

One indication of the extent to wdiich output- 
increasing technology has led to a reduction in the 
size of the farm industry is the decrease in acreage 
of land used for crop production. From 1929 to 
19^, the total acres of crops harvested declined 
from 365 million acres to approximately 300 mil- 
lion. Data in table 2 show very definitely that 
increases in yields of the major crops have, in most 
cases, been accompanied by decreases in acreage. 
With some crops, the immediate cause of the de- 
cline in acreage was an acreage control program. 
With others, economic forces alone brought about 
a voluntary decrease in acreage as yield increases 
caused supply to outrun demand and resulted in 
a downward pressure on prices. Among the 
major crops, only grain sorghum and soybean 
acreages have run counter to the trend. 

The reduction in acreage used for crops has, 
in turn, had significant effect upon the total 
amount of labor required in agriculture. The re- 
ductions in acreages of major crops from 1929 
to 1965 would have reduced the total a^nount of 
labor required for crop production by 33 percent 
even if there had been no reduction in the amount 
of labor required per acre of crop.® This source 
of reduced labor requirements alono would ac- 
count for a 3.6 billion man-hour reduction in 



«The reduction in labor due to decreased crop acreages was 
calculated as follows: (1) 1929 harvested acreages for 15 major 
crops were multiplied by 1929 labor requirements per acre for 
each crop and summed to give a total labor requirement 7*i 1929 ; 
(2) 1965 harvested acreages of each crop were multiplied by the 
1929 labor requirements per harvested acre and summed to give 
total labor required for 1965 acreage with 1929 labor technology ; 

^ (1) minus (2) was divided by (l)i to give the percentage 
line in labor due to decline in crop acreages. 



Table 2. Yield and Acbeaqb Harvested, 10 Selected Major Crops, 1929, 1949, and 1965 and Change, 1929-6T 



Crop 


Yield per acre harvested 


Acreage harvested 


Change, 1929-65 


Unit 


1929 » 


1949 


1965 J 


1929 


1949 


1965 2 


Yield 


Acreage 


1,000 acres 


1,000 acres 


1,000 acres 


Percent 


Percent 


Com 

Oats 

Barley 

Grain sorghum 

Wheat 

Soybeans 

Cotton 

Tobacco 

Potatoes 

Hay 


Bushels 

do 

do 

do 

do 

do 

Pounds 

do. 

Hundredweight 

Tons 


27 

30 

22 

18 

14 

13 

155 

773 

65 

1.2 


39 

33 

24 

23 

15 

23 

284 

1,209 

129 

1.4 


73 

51 

43 

48 

27 

25 

534 

2,038 

206 

1.8 


97,805 

38,153 

13,564 

3,523 

63,392 

708 

43,232 

1,980 

3,030 

69,531 


85,602 

39,236 

9,872 

6,692 

75,910 

10,482 

27,439 

1,623 

1,758 

71,464 


57,245 

19,357 

9,519 

13,505 

49,846 

34,686 

13,632 

983 

1,413 

67,939 


+171 

+37 

+95 

+167 

+93 

+92 

+244 

+164 

+217 

+60 


-42 

-49 

-30 

+283 

-21 

+3,900 

-68 

-60 

-53 

-2 



1 Average 1925-20. 

2 Indicated as of Oct. 1, 1965. 
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agricultural labor. Even if a liberal allowance is 
made for labor to harvest the heavier yields, the 
reduction is not likely to have been less than 2 
billion man-hours. 

The reduction in labor needs, calculated on the 
assumption that labor required per acre had not 
declined since 1929, reflects both a decline in total 
crop acreage and a shift away from labor-inten- 
sive crops. The acreage of the three crops having 
highest labor requirements per acre— cotton, to- 
bacco, and potatoes — was decreased from a total 
of 48 million acres in 1929 to a total of only 16 
million acres in 1965. Declines of 50 to 70 per- 
cent in acreage of these crops can be contrasted 
with decreases of 30 percent m small ^ains (oats, 
barley, and wheat) and 2 percent in hay, both of 
which have low labor requirements per acre. The 
three labor-intensive crops had combined labor re- 
quirements in 1929 of 5 billion man-hours — ap- 
proximately 40 percent of all labor used for crop 
production. By 1965, the decrease in acreage of 
these crops alone would have been sulfipi^t to re- 
duce their labor requirement by 3.1 billion man- 
hours. 

The pattern of greatest decrease in acreage oc- 
curring in the labor-intensive crops may indicate 
that high labor use per acre and per unit of output 
is a cause of relatively rapid d^line in acreage. 
Finding conclusive evidence that this is in fact so 
would be very difficult. However, it has been as- 
serted that a high-labor requirement per bushel of 
output has been a factor causing com acreage to 
decline relatively more rapidly than the acreage 
of other grains.'^ According to J ohnson and Gus- 
tafson, the yield advantage of com has pot been 
great enough to offset its comparatively high labor 
requirement per unit of output. 

Laborsaving Technology 

Although rising yields have, indirectly, brought 
about a si^ificant reduction in agricultural labor 
needs, the largest reduction has_ come through 
adoption of laborsaving technologi^. The results 
of substantial progress in laborsaving technology 
are evident in the decline of man-hoim require- 
ments per acre and per animal shown in table 3. 
For most major crops, man-hours required per 
acre of crop dropped to one-third or less during 
the 35-year interval from 1925-29 to 1960-64. 
Only tobacco production experienced an increase 
in labor needs per acre due to the effect of rising 
yields on harvest labor requirements. Data for 
livestock enterprises, while not strictly compara- 
ble, definitely show a downward trend in man- 
hours per animal. In total, a reduction in labor 
needs during the period 1929 to 1964 of 11 billion 



man-hours is accounted for by reduced labor re- 
quirements per acre and per animal. 

From 1920 on, the number of tractors on farms 
increased while the numbers of horses and mules 
decreased. The progress of these changes is shown 
in table 4. By 1960, the changeover to tractors 
was virtually complete and the 3.1 million horses 
and mules left on farms performed little if any 
farmwork. 

Since the coming of the tractor, mechanization 
in agriculture has continued to eliminate hand- 
labor tasks. Corn and cotton pickers have mech- 
anized the harvest of these crops on most farms. 
Hay harvesting has been more completely mech- 
anized. Machines and chemicals have substituted 
for much of the hand labor in weed control. Re- 
cently, some truly ingenious fruit and vegetable 
harvesters have begun to replace the large amounts 
of hand labor used on those crops. 

In recent years, an increasing portion of the ad- 
vances in farm mechanization have come with a 
new generation of larger, faster, and more efficient 
machines. The gains are seldom _ as _ great as 
those that come from first mechanization; how- 
ever, they still can be quite sizable in some cases. 
Often new machines are designed to incorporate 
in one machine the tasks that had been performed 
by two or three old machines. A current example 
is the rapidly spreading com “picker-sheller.” 

Few farm tasks could be called automated in 
the sense that a pushbutton factory or assembly- 
line is automated. A few livestock “factories” 
come close to being fully automated but most field 
operations have several difficulties® to overcome 
before true automation comes. Some of the dif- 
ficulties are of an engineering nature, such as the 
need for developing an adequate guidance sys- 
tem for a driveness tractor. However, rr ich of 



Table 3. Laboe Requibembnts pee Unit foe Selected 
Enteepeises, 1925-29, 1945-49, and 1960-64 



Enterprise 


Unit 


Man-hours required 


1920-29 


1940-49 


1960-64 




Acre 


30.3 


19.2 


6.8 


Wheat 


-----dn 


10.5 


6.7 


2.9 


Tnhftcen 


do 


370.0 


460.0 


493.0 


Prtttnn 


. do. 


96.0 


83.0 


47.0 


VAiTAteblfts. all 






U19.0 


J90.0 


Hay 


do 


12.0 


8.4 


6.4 


Prtt.atAAS 




73.1 


68.5 


48.1 


Milk cows. 


Cow 


146.0 


129.0 


96.0 


Cattle and calves 


Hundredweight 
of beef. 


4.3 


4.0 


2.9 


Broilers 


100 birds 


32.0 


15.6 


3.3 



» As of 1939. » As of 1959. 

Source: Robert C. McElroy. Roubon W. Hecht, and Earle E. Gayott, 
“Labor Used to Produce Field Crops,” U S. Department of Agriculture, 
Statistical Bulletin No. 346, 1964. ^ « -tt « * * 

P.Gubon W. Hecht, ‘‘Labor Used to Produce Livestock,** U.S. Department 
rtf Aerr^nnUnrA- Rf.AnsHAAl HnllAHn Nn. 336. 1063. 



7D. Gale Johnson and Robert L. Gustafson, Groin YieZds and 
the American Food Supply, University of Chicago Press, 1962, 
pp. 125-129. 



8 Harold B. Pinches, “Revolution In Agriculture,” Power JTo 
Produce, The Yearbook oj Agriculture, 1960, U.S. Department of 
Agriculture, pp. 1-9. 
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Table 4. Progress op Mechanxzation on Farms : 
Numbers of Horses and Mules, Tractors, and Major 
Harvesting Machines; Value op Machinery and 
Equipment; and Index op Mechanical Power and 
Machinery Inputs; Selected Years 1910-64 



Year 


Horses 

and 

mules 


Tractors 


Harvest- 

ing 

machines ^ 


Value of 
machinery 
and 

equipment 


Index of 
mechanical 
power and 
machinery 


(In millions] 


(1957-59 

=100] 


lOln 


24,2 




(1) 


(*) 


20 


1Q20 


25.7 


0.2 


(2) 


(») 


32 


iftjin 


19.1 


.9 


0.2 


(») 


40 


1040 . . . 


14.5 


1.6 


.4 


$3,060 


42 


iQ.'in 


7.8 


3.4 


1.4 


11,314 


86 


lOfiO 


3.1 


4.7 


2.8 


18,613 


100 


1964 


(3) 


4.7 


3.0 


20,082 


101 



> Grain combines, compickers and picker*shellers, pickup balers, and field 
forage harvesters. 

> Less than 0.1 million. 

* Strictly comparable data not available. 

Sources: Changes in Fam Production and Efficiency, U.S. Department of 
Agriculture, Statistical Bulletin 233, 1065. Balance Sheet of AgricuUnre, 1964. 



t the reason for farm mechanization and automa- 
I tion not having proceeded further and faster lies 
I in the difficulty of paying for a large complex ma- 
ch,ine out of labor and other costs saved in a farm 
operation. 

I Seasonality of farmwork in particular causes 
( machine costs per hour of work performed to be 
I high. Tractors are used more than any other farm 
I machine; yet, a recent study found average use to 
be only 600 hours per year.® Low rates of usage 
mean that ownership costs — depreciation, interest, 
taxes, and insurance-^are high per hour of use. 
As a result, only machines that save large amounts 
of labor per hour of machine use or reduce other 
costs can be economically j ustified. 

The small size of many farm businesses also 
makes mechanization more difficult and less profit- 
able than it might otherwise be. The difficulties 
of fitting together " balanced “Tine” of equipment 
for a small farm may result in having some ma- 
chines that are too large for the business. Spe- 
cialized machines that are highly efficient but 
costly if operated on small acreages are not feasi- 
ble for the small farmer. The small farmer also 
may be hampered by not being able to hire spe- 
I cialized mechanics and macliine operators as do 
industrial firms and a few very large farms. 

1 Despite these handicaps, mechanization of agri- 
j culture has progressed at a rapid pace. Table 4 
I shows the value of machinery and equipment on 
farms is now almost seven times as great as in 
'/ 1940. The total inputs from machinery and me- 
chanical power have increased by 2i/^ times after 



“Julius J. Csorba, “Farm Tractors: Trends In Type, Size, Age 
and Use," U.S. Department of Agriculture, Information Bulletin 
Number 231, 1960. 



correction is made for changes in the level of 
prices. 

Mechanization in agriculture has occurred, de- 
spite difficulties, primarily because of economic 
gains it brought. In the first place, it has been 
possible^ by using machinery, to perform farm- 
work with less total input of labor, power, and 
machinery. From 1940 to 1964, the total amount 
of these three inputs, plus an allowance for power 
from horses, declined by 40 percent. During the 
same time, the percentage of mechanical power 
and machinery in the total increased from 14 per- 
cent to 48 percent. A small part of the decline, no 
more than 8 out of the 40 percent,^® may be due to 
the decline in crop acreages disc^ed above. The 
remainder of the reduction in inputs can be at- 
tributed to increased efficiency of performing work 
with relatively large amounts of machinery rather 
than with large amounts of labor and animal 
power. 

A second incentive to mechanization has been 
provided by a definite increase in the cost of labor 
relative to the costs of other inputs. In figure 5, 
farm wage rates are compared with the index of 
machinery juices and costs of motor supplies and 
fertilizer. The index of wage rates is currently 
more than 675 percent of the 1910-14 level whereas 
machinery prices have only risen to 405 percent 
and motor supplies to 175 percent of their 1910-13 
levels. Farm operators, attempting io keep costs 
per unit of output low, have obviously found it 
mcreasingly profitable to substitute relatively 
cheap machinery for relatively expensive labor. 

Farm Employment and Rural Population 

A decline in farm emplojunent followed in- 
evitably from the reductions in labor needed for 
farmwork. The exodus of workers from agri- 
culture has, by any measure, been of large magni- 
tude. When the decline began, arouTv'’ ^920, 
there were 11.5 million persons empk in 
agriculture. By 1940, agricultural e. j.'’jyment 
had declined to 9.5 million persons. In 1961 it 
was only 4.7 million persons — about 40 percent of 
the 1920 employment. 

Agricultural employment grew less rapidly 
than employment in the nonfarm economy for 
some time before the actual decline in farm em- 
ployment began. Lebergott has calculated that, 
because of the relatively slow rate of growth and 

wThp maximum estimate of labor reduction due to declining 
acreage was 3.6 billion man-hours. Allowance for added harvest 
labor might bring this as low as 2.0 billion man-hours or less than 
8.5 percent of total agricultural labor needs (both crops and 
livestock) in 1929. The labor reduction came from a decline of 
labor-intensive crops. Thus, it would be a larger percentage de- 
crease than the reduction of total labor, power, and machinery on 
all crops that had declining acreage. Therefore, it is reasonable 
to expect that the decline in total labor, power, and machinery 
would be less than 8 perc^ent. - , * u 

Bureau of Labor Statistics estimates of employment by 

^^w^Stanley Lebergott, Ma7ir,otoer in Econotnio Growth; the 
American liecord Since 1800, McGraw-Hill, 1964, 
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Figure 5. Trends in Prices of Agricultural Inputs 




Prices paid by farmers for items used in production 
1920-63; 1910-14=100. 



Year 


1020 


1930 


1940 


1950 


1060 


1963 


Farm wage rates 


199 


165 


140 


448 


622 


675 


Farm machinery... 


163 


152 


154 


282 


381 


405 


Motor supplies 




114 


102 


150 


175 


175 


Fertilizers 


167 


123 


99 


149 


153 


152 



SODBCB : Agricultural Statistics, 1964. 



eventual decline in farm employment, agriculture 
was employing 22 million fewer workers in 1958 
than would have been the case if it had held its 
1900 share of the work force. The 22-million 
workers “released” from agriculture made up 
three- fourths of the work force added by expand- 
ing industries such as the trades and services. All 
other industries whose employment grew less 
rapidly than the rate of gro’^h in total U.S. em- 
ployment rdeased a total of only 7.5 million work- 
ers — one-third as many as agriculture alone. 
Thus, to an important extent, declining farm em- 
ployment ha- prv.vided the labor force for “growth 
industries.” 

Although the movement of workers out of 
agriculture has been rapid, it has not been rapid 
enough to bring the agricultural labor force into 
balan^ with labor needs under evolving tech- 
nologies. The primary evidence of imbalance is 
a persistently low level of agricultural labor 
earnings as compared with earnings in the rest 
of the economy. Strand and Heady calculated 
a labor income per worker on commercial farms 
of $1,208 in 1949 — production workers in manu- 
facturing industries averaged approximately $3,- 

“Edwin Q, Strand and Earl O. Heady, ‘‘Productivity of Re- 
sources Used on Commercial Farms,” USDA Technical Bulletin, 
No. 1128, 1955. 



000 per year at that time. In a more recent study, 
Jolmson^^ concluded that “per capita farm in- 
comes would have to increase about 50.4 percent 
from the 1956 level if comparable labor is to re- 
ceive the same returns in the farm and nonfarm 
sectors.” Still more recently, Tweeten’s^® esti- 
mates for 1959 show average labor incomes of 
farm operators of $3,000 per year, approximately 
two-tlnrds as much as factory workers’ earnings. 

The incomes of hired farmworkers have also 
been low in comparison to wages in nonfarm jobs. 
In 1963, hired farmworkers averaged only $6.35 
per day of work and only 107 days of work per 
year.^® Only nonmigratory workers in the West 
averaged much above this amount. Farmwork- 
ers in the South received less than the national 
average. Significantly, farmworkers who had 
sonae nonfarm work had average daily earnings at 
their nonfarm job that were 50 percent above their 
earnings at farm work. 

The organization of firms and employment in 
agriculture is conducive to the development of 
low-labor returns during a period of declining 
labor needs. Only about 7 percent of all agricul- 
tural workers are regular hired employees. The 
largest number, about two-thirds, are self-em- 
ployed individuals and members of their families. | 
The rest, about one- fourth, are more or less casual , 
employees who work only part time or in a succes- 
sion of temporary short-term positions. Thus, 
most of the agricultural labor force is not sub- 
ject to being dismissed by an employer as a direct 
result of a reduction in the amount of labor needed 
for farmwork. The farmworker, being his own | 
boss, is free to stay on in agriculture as long as he | 
cares to, regardless of whether there is an overall 
surplus of farmworkers or not. In fact, it is likely 
that farmers and farmworkers will stay in agri- 
culture during a period of declining labor needs 
until there is a substantial labor surplus because 
only then will their earnings fall and a change 
begin to appear attractive. Thus, to some extent, 
low incomes to farmers and farm laborers must 
precede any reduction in farm employment. As a 
result, all farmworkers, both those who are needed 
and those who are not needed, receive low incomes 
during a downward adjustment in the farm labor 
force. If employment was organized more along 
the lines common to other industries, it would be 
possible to reduce employment without decreas- 
ing the incomes of all workers. 

Some farmers and farmworkers have stayed on 
in agriculture even though their earnings are now 
at a disastrously low level. In 1962, 22 percent of i 

Gale Johnson, “Labor Mobility and Agricultural Adjust- \ 
ment,” Agricultural Adjustment Problems in a Growtng Economy, 
Iowa State University Press, Ames, 1958, pp. 163-172. 

“Luther G. Tweeten, “The Income Structure of Farms by 
Economic Class,” Journal of Farm Economics, Volume 47, Num- ' 
ber 2, May 1965. pp. 207-221. 

“ Gladys K. Bowles and Walter K. Sellers, “The Hired Farm 
Working Force of 1963,” U.S. Department of Agriculture, Agri- 
cultural Economic Report No. 76, 1965. 
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farm operator families had net incomes of less 
than $2,000.^^ In 1964, more than 1.5 million 
farms, 44 percent of the total number, had gross 
sales of less than $2,500, Fortunately, the opera- 
tors of many of these inadequate or nominal farms 
had off-farm or retirement income to supplement 
their meager farm earnings. Still, estimates based 
on 1959 census data show that approximately 6 
I million rural farm people and 10 million rural 
I nonfarm people had incomes below $3,000 — the 
I level accepted as an indication of poverty.^® 

I In reality, farmers and farmworkers having 
I very low incomes are economically unemployed or 
, underemployed regardless of whether they are 
. physically at work for most of the year or not. 

I The total number of rural farm residents that 
I were economically unemployed was calculated to 
I be 1,477,000 persons in 1959 — more than 37 percent 
I of the total rural farm labor force at that time.^^ 

I The percentage of unemployment or its equivalent 
I changed but little from 1949 to 1959 although the 
I absolute number decreased due to a decrease in 
j the size ofthefarmwork force. 

I Unemployed and underemployed farmers and 
farmworkers are found in many cases to be handi- 
capped, illiterate, or aged, all of which limits 
their capacity for work. Almost without excep- 
I tion, the farmers with very low incomes have only 
I a meager supply of land and capital to combine 
I with their labor. As a result, they revert to work- 
, ing only part of the time or use antiquated, labor- 
I intensive methods that give correspondingly low 
; returns. 

The adjustments now taking place in agricul- 
, ture are working to correct ^e labor surpluses 
and low income problems. From 1939 to 1959, 

I the number of farms with less than $2,500 gross 
I sales declined by one-half Most of the decline 
] occurred in the group of farms having no appreci- 
I able nonfarm income and a farm business so small 
I that labor earnings averaged less than $500 in 
I 1960. The number of farms in this category de- 
, dined from 2.2 million in 1939 to 0.2 million in 
! 1964, removing some of the most serious cases of 
! poverty and underemployment in agriculture. 

I In the^ past 6 years, a definite downtrend has 
I been registered in the number of farms having 

f ross sales of more than $2,500 but less than 
10,000. The total number of farms in this cate- 
i gory had dropped only 20 percent in 20 years 
j from 1,686,000 in 1939 to 1,347,000 in 1959. From 
, 1959 to 1964, they decreased to 940,000. Many of 
I the farms in this ^oup are beyond the poverty 
I level on the basis or total income from realized net 
j farm income, off-farm income and nonmoney in- 

i w Survey of Current Businesi, April 1964, p. 7. 

I 1* Alan R. Bird, “Poverty in Rural Areas of the United States,” 
I U.S. Department of Agriculture, Agricultural Economic Report 
No. 63, 1964, p. 3. 

I “ Bird, op. oit., p. 12. 

“Radoje Nlkoiltch, “The Expanding and the Contracting 
Sectors of American Agriculture,” USDA Agricultural Economic 
Report No. 74, 1966. 



come; however, labor earnings per worker are 
still low, indicating a need for recombination and 
increases in size. 

Mobility of Farm Workers 

If reductions in the farm labor force had oc- 
curred at an even more rapid pace, some of the 
worst income problems mi^it have been averted. 
However, there are limits to the numbers of peo- 
ple that can be transferred in a short jieriod of 
time and in a somewhat orderly fashion from one 
industry, occupation, or location to another. Un- 
fortunately, several factor in the agricultural 
simation reduce the possibilities for rapid trans- 
fer of workers to other jobs. 

One hindrance to movement from agricultural 
to nonagricultural employment is the relative iso- 
lation of agriculture and scarcity of other indus- 
tries in many rural farming areas. Thus, a change 
to noiffarm employment often requires a change 
of residence as well as occupation. The farmer 
or farmworker faced with this prospect may feel, 
with some justification, that he will be at a dis- 
advantage m competing with city residents for a 
new job in strange surroundings. Also, a job 
change that requires that home ties be broken will 
be made less quickly than would a change in the 
same locality. 

One of the ironies of the labor adjustment has 
been the frequent decline of local nonfarm em- 
ployment opportunities along with the decline in 
need for farm labor. As the number of farms and 
the farm population have decreased, so has the 
business of local trades and services. Thus, the 
one possibility in many communities for local non- 
farm employment has often become, instead, a 
net supplier of labor. 

Another hindrance is the lack of transferability 
of farm skills to nonfarm jobs. A farmer tends 
to develop skills in a broad range of tasks ranging 
from hand labor through machine ^eration and 
maintenance up to management. BLowever, few, 
if any, of the skills are exactly those needed by 
nonfarm employers, nor are they as highly devel- 
oped as the skills of an industrial emplwee with 
concentrated training and experience. Thus, the 
farmer or farmworker seeking nonagricultural 
employment is apt to find that only a small part 
of nis experience and acquired smll is directly 
transferable. As a result, many farm to nonfarm 
migrants find employment in the unskilled occu- 
pations where earnings, job security, and job satis- 
faction are likely to be low. 

Lack of education has also hindered many trans- 
fers from farm employment. Farmers and farm- 
workers have typically completed fewer years of 
school than their industrial counterparts in any 
occupation except laborers. And education in 
rural areas is still running somewhat below the 
standards for the rest of the economy. 
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The group least affected by these hindrances to 
mobility are the farm youth. Young people just 
entering the labor force tend to have^ fewer ties 
to the local community, fewer educational inad- 
equacies, and more adaptability to developing 
sTrillc; needed in industry. They have moved in 
large numbers to seek nonfarm jobs in urban 
areas. 

lii 1950, nearly 60 percent of the farm-nonfarm 
migrants were under 25 years oi age.®^ Thirty- 
three percent of the farm-nonfarm migrants were 
between 14 and 24 years of age, the period when 
young people are entering the labor force and 
making eariiy adjustments prior to settling down 
in a permanent job. . . 

These young people and others migrating from 
farm to nonfarm areas have tended to show a dis- 
appointingly large concentration in the lower in- 
come, semiskilledj and unskilled positions. Several 
studies have indicated a tendency for farm mi- 
grants to concentrate in the categories of laborers, 
operatives, and craftsmen ^d foremen in higher 
percentages than urban migrants or urban resi- 
dents who did not migrate. 

The high rates of outmigration by young people 
from farming areas are reflected in very low rates 
of entry of young people into fanning. An analy- 
sis of entries and exits of farmers in various age 
groups by Clawson reveals very clearly the re- 
duction in entry of young people to farming. In 
1950, there were 164,000 farm operators 15-24 
years of age. By I960, the same age group, now 
25-34 years of age, had increased to 403,000. In 
contrast, there were 419,000 farmers 15-24 in 1910 
and 1,333,000 who were 25-34 in 1920. Normally, 
a few more from a given age OToup enter farming 
during the period of time \men they are 35-44 
years of age; from then on, the numbers tend to 
taper off due to death, disability, retirement, and 
change of occupation. It is quite clear that the 
farm youths who reached 15-24 years of age in 
1950 are entering fanning in about one-third the 
numbers of the counterpart group that reached 
ages of 15-24 in 1910. By 1960, the exodus was 
even more apparent— there were only 62,000 farm 
operators between 15 and 24 years of age. This is 
only about one-seventh the number of young farm 
operators entering in 1910 and only slightly over 
one-third of the 1950 number. The total numbOT 
of young farm operators under 35 years of age in 
1960 was only 464,000. In 1950, there had been 
nearly twice as many young farmers and in 1910, 
almost four times as many. Clawson concludes, 
“Men do not withdraw from farming even under 
considerable provocation; they simply refuse to 
enter it when prospects are not good. This is 



Larry Sjoastad, “Occupational Structure and Mlgratlonal 
Patterns/* * in Lal)or Mohility ond Population in Agriculture, Iowa 
State University Press. Ames, Iowa, 1961, p. 19. 

Marlon Clawson, “Aging Fanners and Agricultural Policy/* 
Journal of Farm Economics, February 1963, pp. 18-30. 



further evidence that the salvage value is low for 
the farmer whose education, experience, and dedi- 
cation are to agriculture. Having made his ^ 
choice and having spent a major part of his adult 
life as a farmer, he is reluctant or unable to leave | 
even in the face of low returns. On the other ; 
hand, not yet having chosen or begun a life occu- 
pation with the prospect of hard work and low 
income staring him m the face, he [the young 
person who might have become a farmer] leaves 
the farm for empWment elsewhere.” 

The present age distribution of farmers favors a 
continued reduction in numbers of farmers by 
holding entries low and letting natural exits 
throu^ death and retirement bring about the ad- 
justment in numbers. In 1959, there were 1.4 
million farmers 55 years of age or older, not sig- 
nificantly lower than the 1.6 million farmers who 
were 55 or over in 1949. On the basis of past ex- ' 
perience, we can expect a decline of nearly 1 mil- ^ 
lion from this group during the 1960’s. And in 
1970, there will stm be almost as many farmers ' 
reaching these ages of heaviest exit. Thus, for ! 
some time to come, the potential for decreases in j 
the number of farmers^ will continue at almost the 
same absolute level as in the recent past. The ep 
tent to which this decrease in farm numbers will 
be realized depends upon two factors, the extent 
to which furtner adjustments in farm numbers 
are needed and the existence of nonfarm job op- 
portunities for rural youth and young adults. 

Every indicator and projection seems to point to 
a need for substantia] further reductions in the 
number of farms and the size of the total farm 
labor force. One indication of the reduction 
needed can be obtained by calculating the number 
of farms that would be left after reorganizing the 
land and capital resources of undersized farms ; 
into more adequate units. Brewster®* has esti- I 
mated that 1.6 million commercial farms having 
sales of less than $10,000 in 1959 could be reor- 
ganized into 0.66 million farms having sales of 
$10,000. Preliminary 1964 data indicate that 
about 35 percent of the small group had already 
been consolidated by that time but the growth in 
numbers of larger farms was less than Brewster’s 
estimates. Completion of this adjustment alone 
would lead to a decrease of 800,000 farms. 

Another approach to estimating the potential 
for reducing farm employment is to calculate the 
output per man on efficiently organized farms and 
determine the number of workers needed on that 
basis to produce current farm output. Morris and 
Kadlec estimated that output per full-time man 
in agriculture was more than twice the present out- 

Clawson, op. cit., p. 27. 

John M. Brewster, “The Changing Organization of American 
Agriculture," paper presented to the Agricultural Committee of 
the National Planning Association, Oct 29, 1961, p. 15. 

*W. H. M. Morris and John E. Kadlec, "An Evaluation and 
Projection of Output per Man in Agriculture," Journal of Farm 
Economics, Decemoer 1963, pp. 1007-11. 
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put per average worker. On “superior Midwest- 
ern farms,” output per worker was three^ times as 
great as that calculated output per full-time man. 
Thus, it is conceivable that eliminating partial un- 
employment among farmworkers and achieving 
presently attainable levels of productivity would 
make it possible to supply our preset markets 
while using only one-sixth as much labor. An in- 
crease of that magnitude m output per man would 
imply a reduction in farm employment from the 
current level of 6.1 million (as reported by AMS) 
down to approximately 1 million full-time farm- 
workers. ... 

A review of the labor-use situation in major 
farm enterprises indicates not only the possibility 
but also the desirability of further reductions in 
the amount of labor used. Four major farm en- 
terprises — tobacco, vegetables, cotton, and milk 
cows— had such high rates of labor use that gro^ 
returns per hour of production labor were obvi- 
ously too low to allow adequate returns (table 5). 
The worst situation was in the tobacco enterprise, 
where gross returns in 1963 were only $2.30 per 
hour of labor used. Even if the entire value of 
production had gone to labor, it would not have 
have been possible to return the workers an 
amount equal to the factory wage rate of $2.38 per 
hour. Oi course, much of the gross return to these 
enterprises actually went to cover out-of-pocket 
costs and give a return on capital, so the wages 
paid and labor return to farm operators w jre nec- 
essarily quite low. The only feasible way of cor- 
recting the low labor returns in those ente:^rises 
is to reduce the labor input and thereby raise the 
value of output per hour of labor used. 



Tablb 5. Man-Hotjbs op Laboe Used foe Paemwobk, 
Value of Pboduotion, and Pboduction Pee Man-Hotje, 
BY Gboups op Entebpbises, 1963 





In millions 


Production 




Man-hours 


Value of 
production 


per man-hour 


CroM: 

Tobacco ....... 


589 


$1,363 


$2.30 


Fruits and nuts 

VGEatablos..,— ^ 


548 

402 


1,464 

1,206 


2.67 

3.00 


Cotton... 


645 


2,462 


3.82 


Sugar 


93 


444 


4.77 


Hay and forego---,—,— 


476 


12,738 


6.76 


Peed grftlns 


677 


6,011 


10. 45 


Oil crops . 


183 


2,160 


11.80 


Food grains 


167 


2,505 


15.00 


All crops s 


4,134 


21,378 


6.17 


Livestock: 
Milk cows 


1,485 


• 5,144 


3.46 


Poultry 


488 


3,360 


6.88 


Moat animals 


1,307 


9,826 


7.62 


All livestock * 


3,454 


18,470 


5.35 



> Does not Include com silage value nor sorghum silage. 

* Includes Items not listed separately. 

• Milk only. 

SoUBCE: Agricultural SiaMicif 1564. 



With several indications of need for further 
reductions in farm labor force, attention is tum^ 
to the possibilities of attracting the more-mobile 
farmworkers to nonfarm emplq 3 unent. Evidence 
from past experience clearly indicates that the 
most essential element to continuous flow of labor 
from agriculture is a high rate of employment in 
the nonfarm economy. The Great Depression of 
the 1930’s stands out as a clear example of a period 
in which high unemployment in the nonfarm econ- 
omy stopped migration from farms. During 
1930-35, annual net migration from farms was 
only 58,000, less than one-tenth as great as during 
any other period from 1920 to 1961:. Another in- 
dication of the effect of unemployment is given 
by Bishop’s finding that the rate of migration 
from agnculture tended to increase by about 0.6 
percent for each 1 percent decrease in the rate of 
unemployment in the nonfarm economy. This 
type of response is no different than the response 
of nonagricultural workers. According to Fames, 
“That the amount of voluntary labor mobility 
varies directly with the extent of emplo;jment 
opportunities is amply substantiated by data on 
labor turnover. . . . The volume and nature^ of 
employment opportunities are of paramount im- 
portance in conditioning the extent and incidence 
of labor mobility.” Workers, whether they be 
farm or nonfarm, are reluctant to leave their pres- 
ent position, poor though it may be, to take a 
chance in a job market where unemployment is 

high. 

Summary and Conclusions 

The development and adoption of output- 
increasing ana laborsaving technologies in agri- 
culture have made it possible to satisfy growmg 
demands for food without increasing the total 
amount of resources used for agricultural produc- 
tion. Substantial reductions m the amount of 
labor required in farm production contributed to 
increased efficiency in agriculture and released 
workers for expanding industries. 

The agricultural labor force was, in many re- 
spects, in prepared to adjust to the decrease in 
labor needs. Many farmers and farmworker 
who “gradually lost their job” stayed on in agri- 
culture in a semiunemployed status because their 
opportunities outside of agriculture also seemed 
very bleak. Operators of “inadequate fams” are 
the locus of much of the poverty in agriculture. 
Their position is comparable to the chronically 
unemployed worker in industry; however, assist- 
ance programs have generally not met their needs. 
Appropnate policies should stress welfare needs 
and retraining to provide for reemployment. 

»«C. E. Bishop. “Economic Aspects of Changes In Farm Labor 
Force,” In Labor MoUUty and Population in Agriculture, op. oit. 

Fames, op. oit., p. 142 




11-152 



studies: employment impact op technological change 



It appears that there will continue to be reduc- 
tions for some time to come in the number of farms 
and the amount of labor required in agriculture. 
A decrease of 50 percent in the next 20 years is 
not at all outside the realm of possibility. The 
enterprises where the reductions are most likely 
to occur are those presently having high labor 
inputs and low output per man-hour. 

The adjustments that have occurred in the farm 
labor force have come about largely through a 
sharp decrease in number of entrants and natural 
attrition among the older workers. The prospects 
appear to be good for continuing to reduce the 
level of farm employment by this approach for 
the next 15 to 20 years. Policies that encourage 
retirement at an early age and assure adequate 



nonfarm job opportunities for farm youth wouk 
facilitate this process. 

A faster rate of reduction in farm employment 
would be highly desirable, but few fanners in the 
middle and older age groups have found their 
opportunities in nonfarm employment to be any 
better than on the farm. If farmers and farm- 
workers had been better educated and experienced 
or trained in skills desired by nonfarm employers, 
undoubtedly more would have found noniarm 
employment. For many of these older workers it 
is too late to remedy past errors of insufficient 
education and dependence on highly vulnerable 
specialized skills. The lesson for the future is 
clearly that education should not be underrated 
even though it may seem, at the time, to be of little 
practical value. 
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Technological Change in Banking 



Introduction ^ 

A quick comparison of one’s canceled checks for 
the past month with those of a few years ago would 
reveal ^ that technological change has been es- 
traordinarily rapid in the banking industry during 
that time.2 The equipment that is the vehicle for 
this technological change has naturally caused 
quite a stir in the banking world. One banker was 
even moved to say it had “sex appeal.” ^ Because 
the pace of change has been so fast and the change 
itself so extensive, banking makes an excellent case 
study of an industry adjusting to teclmological 
change. 

This study first examines the nature and extent 
of the change which took place, and then deals with 
the causes underlying the change. Next it looks 
at the effect of that change in three major areas — 
the semces offered by the industry, the effect or 
potential effect on the price, output, and efficiency 
of the industry, and the effect on manpower in the 
industry. At the end, brief note is taken of exist- 
I ing and potential legal barriers to technological 
change in the industry. 

I. The Nature and Extent of Technological 
Change in Banking 

It would be well at the outset to describe the new 
equipment being used in banking. At the heart of 
the new methods is a changeover to electronic data 
processing (EDP). Two of the most important 
machines in this changeover are reader-sorters, 
which read and sort documents (especially checks) , 
transmitting data via a computer to be recorded 
on tape, and the computer itself, which processes 
the information fed it by the reader-sorter. These 
two machines supplement or, in many cases, 
eliminate entirely the conventional machines and 
processes for sorting checks, balancing accounts, 
preparing overdrafts, and computing average bal- 
ances and service charges. 

^ The author acknowledges the helpful comments and criticisms 
, of John Dunlop and Frank Sloan of Harvard University, David 
Ness of MIT, Dale Reistad of the American Bankers Association, 

I Garth Mangum of the National Commission on Technology. 
Automation, and Economic Progress, and R, Thayne Robson of 
the Presidents Committee on Manpower. Any errors or in- 
accuracies which remain are, needless to say, his own responsi- 
I bility. 

*Not wishing to become embroiled in a discussion of how one 
quantitatively measures the extent of change, the author axipeals 
to the qualitative changes in production techniques described 
below as justidcation for this statement. 

' ^Business Weekj Oct. 17, 1064, p. 156. 



A prerequisite to the introduction of EDP was 
an agreement by banks in 1959 on a standard form 
of magnetic ink character recognition (MICE). 
MICE involves encoding documents with an ink 
containing iron^ oxide, which can be magnetized, 
so that a machine can read the ink and sort the 
dwmnents. For example, checks may be encoded 
with the routing and transit number of the bank, 
the checking account number of the customer, 
and/ or the amount of the check. This greatly fa- 
cilitates the handling of such documents, especially 
when large quantities of checks and other docu- 
ments are being handled. High-speed sorters can 
process more than 1,560 checks per minute. 
MICE symbols are now used almost universally 
in the United States and in some foreign countries. 
A recent Federal Eeserve Board survey showed 
that 87 percent of the checks cleared through the 
Federal Eeserve System are encoded, and that 
99.9 percent of the banks in the country are encod- 
ing some of their checks.'* * 

Another innovation is the electronic bookkeep- 
ing machine, or “tronics,” which has taken the 
place of many of the conventional posting ma- 
chines. By simplifying the booldreepmg function, 
the electronic bookkeeping machine reduces the 
possibility of error and increases the speed of post- 
mg transactions. One large bank reports its post- 
ing errors have decreased two-thirds as a result.® 

The use of EDP machines spread with great 
speed, as can be seen in table 1 . And in the coming 
decade, computers "will become even more "wide- 
spread. Table 2 shows expected usage in 1970 
and 1975. 

Eesponses to the survey may well have been 
made on the assumption that the price of computers 
and other equipment would remain constant. 
Since prices have fallen and probably will fall 
further, these results may understate the spread 
of technological change in the next decade.® 

It is clear from these statistics that the larger 
banks were the leaders in introducing the new 

^American Bankers Association. FroceediftffS of the 1964 
Confer€7ice on Automation, p. 28. Hereafter cited as 1964 
Proceedings. 

B Department of Automation and Marketing Research. American 
Bankers Association, Automation and the Small Bank. New York : 
American Bankers Association, 1964, p. 19. Hereafter cited as 
Automation and the Small Bank. 

^Reference to falling equipment prices has been made by 
Dale L. Reistad in two places. See American Bankers Associa- 
tion, Automation and the Small Bank, op. ciU, p. 10, and Address 
Before the Departmental Conference of the American Institute of 
Banking, New Orleans, June 1, 1965, mimeo. 
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Table 1. Bank Use op EDP Machines 



Bite of bank (deposits in millions) 


Banks using computers (percent) 


19601 


1962* 


1961 i 


OvAr $500 .......................... 


27.8 


96.7 


92.2 


$1004500 « 


7.8 


70.7 


85.6 


_ — - 


1.0 


33.9 


52.6 


$10-$49 --- - 


•17.4 


11.6 


TTmlAr $10 




1.3 









i Dale L. Boistad, director of Automation and Marketing Besoarch of the 
American Bankers Association, New York, N.Y., “Trends In Banking 
Automation/' In American Bankers Association. Proceeding$ of the 1965 
National Automation Conference, p. 16. Hereafter referred to as 1985 
Proceedingt^ The figures are banks which expected in late 1963 to bo using 

conu>uters by the end of 1964. ^ ^ t ^ 

• Jwnes B. Eckert and Rolwrt R. Wyand II, “Automation at Commercial 
Banks/' Federal Reserve Bulletin, November 1962, p. 1409. The apparent 
decrease In computer usage from 1962-64 In the over $500 million category 
must bo attributed to sampling error or to the effect of mergers of large banks 
using computers during this time. 

> $26-$50 million only. 

Table 2. Pbojected Bank Use op EDP Machines 



size of bonk (deposits In millions) 


Bonks using computers 
(percent) 


1970 « 


19761 


Over $500 -- — - 


mo 


mo 


$ 100 -$SK) .. . - - 


98.8 


100.0 





84.6 


9a 6 


$10“$49 


59.0 


67.8 


TTndAr $10 


19.8 


87.9 





1 1963 Proceedings* 



equipment. Often it is said that this was due to 
the “high initial cost” of the equipment or to “the 
risks involved in moving into rdativeljr untried 
fields.” ^ Both these notions can be clarified. 

“High initial cost” essentially means that banks 
had to have a certain volume of business to justify 
installation of EDP. But to know if this was the 
case one must know how the costs of processing 
data using conventional maeWnes and using EDP 
varied with volume. Ho statistics bearing dfirectly 
on this matter were found, but the ratio of total 

’’ See, for example, Eckert and Wyand, op. ctt., p. 1409. 



current operating expenses to loans and investment 
in 1959 will give an idea of the costs using conven- 
tional machines. Interest on time and savings de- 
posits is deducted from expenses since it is a rela- 
tively large item which, on its face, would seem to 
have little to do with data processing costs. Table 
3 shows that unit costs do not declme very much 
as size increases for banks in the $2-$500-million 
range.® 

What about costs using EDP In the early 
years of EDP, small-capacity equipment was not 
on the market, and on the^ large-capacity equip- 
ment that was available, unit costs fell as capacity 
was anproached.® 



Table 3. Ratio of Total Operating Expenses to 
Size of Bank, 1952 



size of bank 
(deposits In millions) 


Total current expenses 
minus Interest on time 
and savings deposits/ 
loans and investments 


TTndGr $1 


8.17 


$l -$2 


2.86 


$9-^ 


2.69 


$5410 _ 


2.66 




2,7.2 


- - - 

$25460-— - — — 


2.76 


$504100 _ _ _ _ 


2.62 


$10ft-$5nn _ — - _ - 


2.74 


Ovai*^500 _ _ 


2.86 





This means that there was some size bank where 
unit costs of processing data using EDP equaled 
those using conventional equipment, and that for 
banks larger than that size it was profitable to in- 
stall EDP.“ (See figure 1.) 



• Paul M. Horvltz, “Economies of Scale In Banking,” In Com- 
mission on Money and Credit. Private Financial Institutions, 
Englewood Cliffs, N.J. : Prentice-Hall, 1968, pp. 15, 19. 

•That computers “freeze” costs and thus should be adopted 
is a common theme in the trade literature. See, for example, 
196S Proceedings, op. clt, pp. 16, 64. Freezing total costs Is 
equivalent to decreasing unit costs as volume rises. 

“The assumption has been made that for the first few items 
unit costs using EDP are greater than those using conventional 
methods. Given the reference to “high initial cost,” this seems 
justified. 



Fiqhee 1. "Variation of Bata Processing Costs With Volume^ 
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For banis greater than size A, it was jirofitable 
to introduce EDP. Over time, as cost of EDP 
equipment fell, EE, and hence A, shifted to the 
left. The appearance of small-capacity equipment 
lowered unit costs of small volumes and caused EE 
to flatten out, moving A farther to the left. Also, 
banks grew, moving the amount of data processing 
they had to do to the right.^^ Thus, as time passed, 
smaller banks began to adopt EDP. 

That “the risks involved in moving into rela- 
tively untried fields” is a deterrent to small banks 
taking the lead in investing also deserves a forther 
explanation. Kisk applies to situations with un- 
certain outcomes. In general, the wider the range 
of possible outcomes, the higher the risk. Of 
course, there is always some possibility of a loss, 
and it is quite likely that any given loss means 
more (or is more critical) to a small than to a large 
bank, since that loss represents a larger propor- 
tion of the small bank’s assets. If a correspond- 
ing size gain does not mean more to a small bank 
(and so would not offset the loss), the small bank 
will be more averse to risk than the large bank. 
If a given amount of risk is associated with the 
investment in EDP, the large bank would be more 
willing than the small to assume it. After large 
banks pioneer EDP, risk is reduced, and small 
banks will also invest, if they still expect a profit.^ 

Large banks may also have been l5ie leaders be- 
cause of their more aggressive management, par- 
ticularly over small banks outside large cities, or 
large banks may simply have had the personnel 
(e.g., a corporate development group, or the like) 
ne^ed to introduce EDP. 

To sum up, banks have begun to use electronic 
data processing equipment extensively. The large 
banks were the innovators, partly because benefits 
at the time EDP was first introduced accrued only 
after a certain volume of business was reached; 
the large banks were better able to bear initial 
investment risks ; their managemej-'. may have been 
more aggressive; and only large banks may have 
had the staff necessary to make such an innova- 
tion. 

II. Causes of Technological Change in the 
Banking Industry 

Not very surprisingly, cost and revenue factors 
are fundamental to any explanation of why banks 
adopted EDP. To freeze or reduce operating costs 
was the most important factor in the decision of 
314 banks to automate, according to a 1963 survey. 

^Of course, the curves aid not look exactly like this for aU 
banks. If they did, assuming cost minimization, all banks larger 
than size A would automate and none smaller would. 

^ These ideas are made rigorous in the appendix. 



The results of that survey are shown in table 4: 



Tablb'I4. Evaluation op Factors in Automation 
Decision by 314 Banks, in Percent 



Factor 


Major 


Minor 


None 


Freeze or reduce operating costs 


32 


16 


3 


Improve internal systems 


71 


24 


6 


Improve management reports 


60 


40 


10 


Enable bank to offer additional services 


43 


38 


19 


Increase flexibility in handling business 


42 


43 


16 


Tighten audit control 


36 


47 


17 


Meet competition 


32 


38 


30 



Souece: Banking, November 1964, p. 108. 



A closer examination of some of these categories 
will shed light not only on why EDP was adopted, 
but why its spread was so rapid. 

The most striking aspect of banking throughout 
the past decade has been its growth; manv have 
pointed to this expansion and expected further 
growth as the chief caus^ of bank automation. 
It is certainly true that virtually all measures of 
bank activity have shown large increases in the 
ast decade. Although the number of banks has 
een reasonably constant, the number of ba^ of- 
fices rose 37 percent in the decade, and the civilian 
population per bank office fell each year.^^ The 
number of checks processed by the Federal Eeserve 
System rose 63 percent from 1955 to ^64.^* The 
number of demand deposit accounts increased 10 
percent from 1955 to 1960, the date of the latest 
survey of such accounts.^® Some of this increase, 
no doubt, reflects the greater use of special check- 
ing accounts which require no minimum balanw. 
Furthermore, there was an 18-percent increase in 
the average number of checks written per account 
from 1955 to 1960.^® As would be expected, the 
pressure of this demand increase showed up in 
price increases. Service charges per $100 of de- 
mand deposits rose 84 percent from 1955 to 1964, 
and 48 percent when deflated by the service price 
deflator of GNP.^^ Employment in the industry 
rose from 549,300 in 1955 to 761,400 in 1964 an in- 
crease of 39 percent.^® (See table 5.) 

Not only did bankers face a large increase in 
demand, but they had (and have) every reason to 
expect this trend to continue. In the 1949-60 
period, there was a close relationship between the 
population 21 years old and over and the number 
of demand deposit accounts; there was also a 
steady upward trend in the average number of 



^rom annual reports of the Federal Deposit Insurance Cor- 
poration (FDIC). ^ ^ X 

i*Prom annual reports of the Federal Reserve Board. Data 
are exclusive of U.S. Government checks and postal money 
orders. Federal Reserve clearances represent slightly more than 
one-fourth of all checks drawn on commercial bank accounts. 

^°Data from the Federal Reserve Bulletin, April 1961, pp. 
405--408, and from annual reports of the FDIC. 

Calculated by dividing the number of accounts into the 
number of checks processed by the Federal Reserve System. 

^^Data from annual reports of the FDIC, price deflator from 
the Economio Report of the President. 

^®Annu^ reports of the FDIC. 
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Table 5. Measures of Bank Activity, 1964 



Year 


Number of 
banking offices 


Number of 
checksprocessed 
by Federal 
Reserve System 
(millions) 


Demand 

deposit 

accounts 

(millions) 


Average 
number of 
checks/account 


Service charges 
per $100 of de- 
mand deposits 


Service charges 
per $100 of de- 
mand deposits 
deflated by 
service price 
deflator 


Employment 
in banking 
(thousands) 





21,676 


2,643 

2,823 

2,975 


62.1 


60.7 


$0.26 


$0.26 


649.3 


IQKfi . 


22,315 

22,907 


N.A. 


N.A. 


.28 


.27 


678.7 


1fiS7 


62.2 


57.0 


.32 


.30 


602.9 


1QKS _ _ ___ 


23,663 

24,242 

26,106 


3,086 


63.7 


67.4 


.34 


.31 


616.8 


IfiSfi-- 


3,268 


64.4 


69.9 


.36 


.32 


64a 6 


IQAn 


3,419 


67.1 


69.9 


.39 


.34 


672.6 


IQfil - - - -- 


26,002 


3,631 

3,873 

4,069 


N.A. 


N.A. 


.43 


.37 


693.6 


1Qfl9 


27,029 


N.A. 


N.A. 


.44 


.37 


714.0 


1063 _ _ - _ _ 


28,369 

29,727 


N.A. 


N.A. 


.46 


.38 


74a 4 


1(WU 


4,319 


N.A. 


N.A. 


.46 


.37 


76L4 





N.A.~Not available. 



checks written per account.^® By using those re- 
lationships to project to 1975, the number of de- 
mand deposit accounts can be expected to increase 
at an annual rate of 3.4 percent (from 1965-75) 
(see table 6).^° 



Table 6. Projections of Bank Activity 



Year 


Population 21 
years and 
over! 
(millions) 


Demand 

deposit 

accounts 

(millions) 


Average num- 
ber of checks 
per account 
cleared 

through Fed- 
eral Reserve 
System 


Total number 
checks proc- 
essed by 
banking 
system * 
(billions) 


1966.^ 


114.4 


66 


67 


17 


1970 


123.6 


78 


74 


22 


1976.^ 


134.1 


92 


81 


29 



1 Based on Bureau of the Census projections. 

3 Calculated on the assumption that the proportion of checks cleared 
through the Federal Reserve System remains 26 percent. 



What is important, though, is that the bankers 
themselves actually expected these trends to con- 
tinue, since they, after all, were making the invest- 
ment in EDP. The president of a large bank 
wrote in 1963 : 

We have seen our work volumes increase at an 
alarming pace, and our costs rise in proportion. 
Automation was looked to as the great leveler — 
a means to handle increased workloads without pro- 
portionate cost increases ; and a means to insure that 
the banking system did not fall apart merely by not 
being able to obtain sufficient human hands to per- 
form its work manually. As we look at the initial 
results of this first phase, we can be proud of our 
accomplishments. . . . We are not now likely to 
be engulfed by paperwork volumes.^ 

The same bank’s vice president said 1 year later : 

. . . the computer is not our enemy, it is our saviour. 
Without computers some banks simply would not y e 
able to function today, and the rest of the industry 
would soon be so engulfed by paperwork we would 
have to curtail seriously the scope of our operations.*® 



Another bank says that “its main reason for 
interest in EDP was a vision of a ‘flood of un- 
controlled paper’ as matters were developing” 

The counsel for the Connecticut Bankers Asso- 
ciation, in testifying before the House Banking 
and Currency Committee, stated that : 

A survey . . . indicates that throughout the entire 
country banks handle no less than 50 million items 
every normal business day, and even more during 
peak periods. This tremendous volume must move 
with great speed and efficiency. . . . Banks have 
been forced more and more to turn to electronic data 
processing equipment to help cope with this record- 
keeping and document handling volume.** 

It would be easy to conclude from these statistics 
and statements that the banking system faced a 
workload of such immense j^o^rtions that it had 
no alternative but to adopt EDP. The image of a 
deluge of paper is readily conjured up, but the 
conclusion that this by itself forced automation 
onto the industry is based on the tacit assumption 
that the increased workload either could not be 
processed on conventional machines or that the 
cost of doing so would not have been economically 
feasible. 

However, it does not seem that costs would have 
risen enough to make conventional methods eco- 
nomically impractical. In fact, unit costs could 
conceivably fall. The flgures cited above as an 
approximation of 1959 data processing costs 
showed roughly constant unit costs up to the $500- 
million size and a decline above that size (see table 
3) . This indicates that using conventional meth- 
ods there would have been no rise in marginal 
costs (cost per unit of the additional volume) 
associated with an increased volume, and that 
there may even have been a decline. 

A slightly different argument is that banks sim- 
ply could not obtain the personnel needed to proc- 



’»Rose Wiener, “Changing Manpower Requirements in Banfe- 
Ing," Monthly Labor JtevteWj September 1962, p. 991. 

^Jbid., p. 992. 

>^Jobn A. Mayer, president, Mellon National Bank and Trust 
Co., Pittsburgh, 106S Frooeedinysj op. oit., pp. 82-83. 

“Richard W. Sherman, vice president, Mellon National Bank 
and Trust Co., Pittsburgh, 1964 Prooeedir4f8j op. cit., p. 185. 



“ Stanford Research Institute, Management Decisions to Auto- 
mate, prepared for the U.S. Department of Labor, Office of Man- 
power, Automation, and Training, p. 18. 

“ Harold E. Read, Jr., in National Bank Legislation, Hearings 
before Subcommittee No. 1 of the Committee on Banking and 
Currency, House of Representatives, July 19, 1962, p. 64. 
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ess the data at the wages being paid,^® and that 
without EDP their position woiHci be analogous to 
that of the telephone company without dial equip- 
ment. (It is said that if there were no dial equip- 
ment, every woman in the country would have to 
be a telephone operator to handle the current 
volume of calls.) 

{ This argument is hard to judge ; certainly wages 

I would have had to have risen after some point if 
I more personnel were to be obtained. But it is un- 
I clear exactly where that point lay, and how near 
I banks were to it. Also, local labor markets (the 
] relevant markets for this kind of personnel) un- 
i doubtedlv differ in the relative availability of such 
1 personnel. 

I If, then, it was technologically and economically 
I feasible to process the increased workload with 
I conventional methods, the only possible explana- 
I tion for the adoption of EDP is simply that it was 
I a cost-saving innovation, at least for banks above a 
I certain size. Then the recent sharp increase in 
I volume would only be relevant as a cause of auto- 
I mation insofar as it took some individual banks 
I to the point where EDP became profitable. For 
I banks ^ove that level originally, ]^P would have 
I been introduced whether or not business increased. 

I There are a number of reasons, both theoretical 
I and empirical, to believe that EDP was a cost- 
I saving innovation. In the first place, assuming 
I cost minimization, if the investment is not expected 
] to save the bank money starting with its installa- 
tion, it will not be made and the bank will wait, 
unless for some strange reason the bank expects 
the investment opportunity to disappear.^® This 
disposes of the argument that banks foresaw EDP 
as a future necessity and hence automated. A fu- 
ture necessity which costs more in the present than 
in the future (because the bank ties up funds, suf- 



25 This says, in effect, that the supply curve of labor faced by 
the industry is inelastic. 

^ This statement must be modified to the extent that there are 
nonrecurring costs associated with the installation of EDP which 
are not incurred immediately. For example, a bank may take 4 
years to automate and incur dislocation costs over those 4 years. 
For some or all of those years net returns could be negative. 
The bank can, of course, net out these costs from its stream of 
returns and proceed to analyze whether it should introduce the 
project in the usual way. It should also consider if the disloca- 
tion and other costs of introducing EDP will change over time. 



fers depreciation, and the expected price charge 
for the equipment is probably negative) and does 
not save any money in the present is bought in the 
future. 

Empirically, given the numerous internal ap- 
plications of EDP, it would be strange if costs 
were not lowered, even at present levels of opera- 
tion. Both ABA and Federal Eeserve Board sur- 
veys have shown banks applying EDP to many 
areas (see table 7) . 

In all the areas listed in table 7, less manpower 
is required with EDP. In addition, turnover prob- 
lems are not of the magnitude they were, which 
can result in a sizable cost reduction.” One bank, 
whose turnover was the maj or factor in its decision 
to automate, estimated turnover cost could be as 
high as $500 to $1,000 per person.” EDP equip- 
ment also saves the bank money by taking up less 
workspace.” Thus, EDP should lower costs in- 
dependently of a demand increase. The rise in 
demand can only increase the amount of the 
savings. 

Case study evidence generally confirms that 
EDP is a co^-saving innovation. For example, 
one large California bank figures that its book- 
keeping costs have been reduced by something like 
$1 million per year at current levels of activity, 
although this assumes that much of the early 
study and programing costs are already written 
off.®® A case study of a cooperative data process- 
ing center formed by several small banks shows 
that the system ^ould pay itself off in 5 years and 
and return its cost every 4 years after that.®^ Al- 
though these examples cannot be taken as proof 
that EDP always reduces cost, published cost 
figures do support the hypothesis that many banks 
would have automated independently of any large 
increase in demand, and that the increase in de- 
mand only caused additional banks to automate 
sooner. 

The reasonableness of this hypothesis is 
strengthened by the speed that EDP spread from 

See the discussion below of the Impact of EDP on manpower. 

s* 'Stanford Research Institute, op. at. pp. A5-6. 

Ibid., p. 16. 

Stanford Research Institute, op. cit., p. A8. 

’‘^Automation and the Small Bank, op. cit., p. 29. 



Table 7. — Areas to Which EDP Equipment is Applied 



Area 


Number of 
b^nks in 
sample 


Converted i 


Being con- 
verted 1 


Planning i 


Low 

priority 1 


No plans to 
convert i 


Other 1 


Automating 
banks auto« 
mating serv- 
ice, March 
1962 2 
(percent) 




397 


57 


22 


20 


1 






86.8 


iv6gui&r cnscKing. ... — ............. 


Oa I 

297 


66 


16 


15 


1 


1 


1 


80.1 

72.0 

57.9 
52.6 
38.5 
31.3 

32.9 


Consumor loans. ................... 


306 


27 


12 


45 


8 


3 


5 


Savings accounts ..... ........... 


313 


31 


15 


32 


13 


4 


5 

8 

10 

12 

14 


Mortvap^c loans 


287 


15 


7 


38 


18 


14 


trust ..... 


267 


16 


8 


34 


20 


12 


rjftmftratft trust 


253 


19 


0 


28 


18 


16 


nommnrir^l loan. ............ 


262 


6 


3 


23 


27 


27 




















Banking, October 1964, pp. 62-63. 
206-754— 66— vol. II 12 



i Federal Reserve Board Survey of 972 banks in Eckert and Wyand, op. tit., 
p. 1413. 
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larger to smaller banks. This seems to indicate 
that point A in figure 1 was moving to the left 
much faster than demand was pulling banks to the 
right of point A. If demand hasoeen pulling, 
bank size would have increased, and the statistics 
would not show greater usage among small banks. 
Although this may seem obvious upon reflection, 
the popular view places a great deal of emphasis 
upon the rapidly mounting volume of activity as a 
cause of bank automation, and not upon its cost- 
saving features.®^ 

Competitive pressures as well as falling equip- 
ment prices help explain the speed of the banking 
industry in embracing the new equipment. As one 
report stated : 

One of the most independent bankers recently 
planned to joiu with a group of banks In an automa- 
tion venture. Although he was opposed to the direc- 
tion banks were headed in the new automation 
services race, he could not fight It and therefore had 
to prepare his bank for the new competition.®® 

Another banker said : 

Should small banks bo concerned about automation? 
I think we must .... Automation is creating new 
forms of competitive pressure .... Automation 
will be necessary to stay alive, for to stand still in 
today’s changing world of banking is to fall behind 
and run the risk of never being able to catch up.®* 

Of course, factors other than those operating on 
the supply side are also present. One is the un- 
quantifiable effect the installation of EDP has 
upon the bank’s image, the mamitude of which 
depends to a large extent upon \^ether competing 
banks have adopted EDP already or not. 

Another very important factor inducing auto- 
mation is the multitude of possibilities the com- 
puter opens for increasing bank revenue since 
better mana^ment is possible with the computer 
as an aid. Service charge income tends to rise, 
since central management can keep better control 
of service charge waivers by branch managers. 
Also, there is no monthly lag m computing service 
charges so that people closing accounts cannot 
evade the last month’s charge. One bank found 
its annual service fee income up 15 percent and an- 
other bank found its annual service fee income up 
11 percent after mstalling EDP.®® With a com- 
puter, management can conduct its own market 
research and analyze various characteristics of 
actual or potential depositors. Should it find it- 
self underrepresented in a particular area, it can 
tailor an advertising campaign to remedy that 
weakness.®** The computer also enables mana^- 
ment to judge more accurately requests for credit, 
make credit policy uniform, and ease or tighten 
credit policy to the desired degree.®^ 

“This is not to deny that the cost differential between EDP 
and conventional methods will increase with time. But emphasis 
on this distorts why banks automated now, 

^Automation and the Small Bank, op* cit., p, 8, 

“William R, Synnott, vice president and treasurer, New Britain 
Trust Co., New Britain, Conn., ProceedinnA, oo, p, 64, 
emphasis in original. 



New services also increase incomes; they, how- 
ever, represent the impact the computer has had 
upon the product of the industry. 



III. The Impact of EDP on the Industry’s 
Product 



The increased sophistication of the computer and 
computer techniques has made it possible lor banks 
to offer a vast array of new automated customer 
services, and, for the most part, banks have en- 
thusiastically done so. Unfortunately, for some, 
the experience has been somewhat sobering. One 
prominent member of the banking fraternity esti- 
mated that “computer hysteria” cost the banking 
industry “at least in the tens of millions of dollars 
and may well have reached $100 million propor- 
tions.” ®® The traditional stereotype of the banker 
is certainly at odds with this apparent show of 
entrepreneurial spirit. Wliy have bankers been so 
eager to provide these services, especially when 
there was a large degree of uncertainty associated 
with profitability ? ®® 

One motive certainly had to be the possibility of 
profit. A management consultant has estimated 
that “consumer services could make a profit con- 
tribution through a net fee income of at least 10 
percent to 15 percent of the bank’s net operating 
earnings, in addition to providing new business 
values and helping to retain balances.” Manage- 
ment may also have been willing to take a loss at 
the moment to gain customers with the expectation 
that the service would become profitable. 

Yet another, somewhat more subtle, factor may 
be at work. Banks cannot compete for demand de- 
posits by paying interest on them; they do not 
compete for loans on the basis of price (because 
of the prime rate convention) , and they usually do 
not compete on the basis of service fees.^^ Kather 



Proceedings, op. cit., p. 81. The bank was the First 
National Bank of Elkhart, Ina,; Stanford Research Institute, 
op. cit, pp, A 10, B 8-0. 

“For an account of one bank's experience in this area, see 
196S Proceedings, op. cit., p, 187, 

“ 1964 Proceedings, op. cit., p. 351, 

“ A, R, Zipf, senior vice president, Bank of America, 1964 
ceedings, op. cit., p, 158, 

““All too often, computer systems were Installed without 
even rudimentary thought about their costs, their efficiency, and 
most important, their applicability to the job that needed to be 
done," (A, R, Zipf, ibid., p, 158,) “One bank, for instance, 
whose primary interest was in customer relations, operated a 
payroll service which it found to be a fruitful source of weari- 
some headaches. Yet it had no evidence that it gained any 
customers through this particular service, or that it would 
have lost any had it not provided the payroll service." (M, B, 
Basson, Price Waterhouse Principal, pp, 248-249.) Ibid. 

<®Neil J, Dean, vice president in charge of management in- 
formation, systems division, Booz, Allen, and Hamilton, Inc., 
ibid., p. 83, 

« “It is uncommon, however, for a bank to cut service charges 
in order to attract depositors," (Deane Carson and Paul H, 
Cootner, “The Structure of Competition in Commercial Banking 
in the United States," in Commission on Money and Credit, 
Private Financial Institutions, Englewood Cliffs, N. J, : Prentice- 
Hall, 1963, p, 94,) This reflects the belief that the supply of 
deposits is inelastic to changes in service fees, partially because 
many depositors have long-established loan relationships. 
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they prefer to compete through the provision of 
unique or semiunique services.^ One reason is 
that a service may be hard to copy. It may require 
fecial organization or skills; other banks not per- 
forming the service may be in the dark about how 
much it costs; and the gain from creating a totally 
new service may greatly exceed that of copying one 
already offered by another bank. 

The availability of a computer which makes it 
possible for banks to offer a whole host of new, 
specialized, customer-oriented services could well 
account for ^ the rapid diffusion of computers 
through the industry. The remarks of one bank 
vice president lend support to this idea : 

I sincerely believe that banks do now, and will in 
the future, benefit immeasurably from offering serv- 
ices via their computers, but only insofar as they 
specialize . . . [and] avoid offering the standard ap- 
plications. The competition is vicious, and too often 
pricing is irresponsible. Important rapport develops 
through specialization only .... Specialize to the 
extent that you become the most able processor of a 
given type of work. When you do, you will find that 
price will become incidental. You will not need a 
price advantage, once you have earned a reputation 
for excellence of service and for quality of product. 

Another banker advised, “Try not to play ‘fol- 
low the leader’ with other banks in the industry 
in selectiujg applications.” ^ 

A description of some of the new services shows 
the great variety possible. Under a professional 
or small business billing service, banks Dili patients 
or customers and keep accounting records for doc- 
tors, dentists, lawyers, florists, (fruggists, and the 
like. The service usually involves mstallation of 
a data transmitter at the place of business which 
feeds information to the bank’s computer.^® The 
bank benefits not only from a fee for services ren- 
dered but also from the client’s account. The lat- 
ter would be negligible if the bank already had 
the account, but this is not always the ci^e. One 
large bank performing professional billing serv- 
ices found that more than 25 percent of the par- 



« “. . . banks do not hesitate to compete vigorously by offering 
a desirable customer semiunique and highly personalized services 
of a nonroutine nature. Indeed, this is the main channel for 
aggressive competition within the banking industry. The pr^^^^^^ 
Sion of new, unique, and specialized services for wWch a skilled 
bank staff Is a prerequisite Is the banking Industry s parallel to 
product differentiation and product Innovation In the manufac- 
turing industry. The motivation Is the same : To channel com- 
petition Into mrms which are not Immediately self-defeating In 
the sense of reducing profits throughout the Industry wnlle 
leaving an avenue by which an alert and progressive management 
may t^n for Itself a genuine if temporary advantage. (Donald 
R. Hodgman, Oommercial Bank Loan and Invemnent Policy, 
Champaign, 111. : University of Illinois Bure^ of Economics and 
Business Research, 1963, p. 111). See also Carson and Cootner, 

*^^«*Jose^*h Qailagher, vice president and treasure:^ Industrial 
valley Bank and Trust Jenklntown, Pa., im Proceedings, 

JoSn^%.^Wes\hoff, assistant vice president, Pittsburgh Na- 
tional Bank, Pittsburgh, Pa., In 196 S Proceedings, op. cit.,p.U7. 

«For details of one plan, see the pho^copy of a Bank of 
America advertisement in Legislation To Pronwit Banks ^ row. 
Performing Certain Non-Banking Services, Hearings 
the Subcommittee on Bank Supervlsl^ and Insurance of the 
Committee on Banking and Currency, House of Representatives, 
Fe^ 25 and 26, 1964? inset following p. 152. The data trans- 
mitter Is Installed only If volume warrants It. 



ticipants were new customero.^® The billing serv- 
ice IS popular with professionals because it ^yes 
them accurate and complete records, something 
they often do not keep on their own or do not have 
in as usable form.^^ It also eliminates the month- 
ly peak-load billing for the professional’s office 
help.^® The bank can, in adilition, perform the 
collection function for a fee, and can loan money 
against accounts receivable. 

Billing services are not restricted to profession- 
als or small businessmen. Banks are also proc^s- 
ing insurance premiums and utility bills, using 
another piece of EDP hardware, the optical scan- 
ner."*® The meter card is prepared with little boxes 
which are blackened with a pencil by the meter 
reader, allowing them to be read by the scanner 
and put onto tape.®" This eliminates key punch- 
ing of information from meter cards and bill stubs. 
One bank, “pleased” with its experience with an 
optical scanner for utility billing, is planning to 
“utilize it for many applications m the future.” ®^ 
Payroll preparation is also being performed by 
banks. If a company does not own EDP equip- 
ment, the bank can generally make a profit and 
still charge a fee less than the cost to the company 
of preparing its own payroll. Since employees 
must open an account at tlie bank to receive funds, 
the bank often gains new deposits.®^ If it did not 
have the company’s account before, the bank re- 
ceives the benefit of the dormant funds traditional 
in payroll accounts.®® Payroll preparation is one 
of the most popular new services: 24 percent of 
the automated banks in the ABA survey offered 
it.®" 

Banks need not restrict their computer services 
to profitmaking firms; for example, cities and 
towns, particularly those too small to afford their 
own computers, can profitably use a bank’s com- 
puter.®® Cities, of course, can use some of the serv- 
mes described above, such as payroll preppation. 
In addition, banks can make available special serv- 
ices, such as keeping assessment rolls and collect- 
ing taxes, scheduling classes for school systems, 
scheduling traffic lights, billing an(i collecting 
parking keeping voter registration records, 
and paying interest onbonds.®® 

A hospital is another nonprofit organization 
which can make use of bank computer services for 



"Proceedings, op. P. The bank is the Mellon 

National Bank and Trust Co.| Pittsburgn, Pa. « • 

Tohn W Allen, et al, "Automated Customer Services in 
Banking— A ’critical Evaluation," Man^acturlng Topic Report 
Sltted to General Georges F. Dorlot, Harvard Business School, 
April 30, 1966, mlmeo (to be published). 

"1964 Proceedings, op. c»#., pp. 248, 312. 
w For* a detailed, illustrated accoimt see ihid., pp. 31^316. 
SI Ibid., m 315. The bank is the Mellon National Bank and 

^ M^Uften” becS^t^e^’b generally allows the employee to 
transfer his funds to SSother bank ^t/out penalty, and a certain 
percentage of employees may already ave accounts at the bank. 
ss 1964 Proceedings, op. cifj. p. lt>.. 
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patient and third party (insurance) billing, ac- 
counts payable, inventory control, and record- 
keeping.®^ 

In the real estate field, a bank can maintain a 
central file of properties within an area that can be 
cross-indexed in several different ways — ^by land 
type and location, structure type, whether prop- 
erty is for rent or sale, and price range. Approxi- 
mately 600 real estate salesmen use such a listing 
service maintained by one bank.®® A ba:^ can also 
do such real estate management accounting jobs as 
calculating and collecting rents, and maMng dis- 
bursements for janitorial services, painting, or the 
like.®* 

Account reconciliation is^ currently one of the 
bank’s most widespread services, with 24 percent of 
the automated banks in the ABA survey offering 
it.®° For a fee, it tells the firm almost at once 
what checks are outstanding and their worth.®^ 

Other new services are somewhat less related to 
traditional banking functions, for example, statis- 
tical inventory forecasting, which is offered by 3 
percent of the automated bankers in the ABA sur- 
vey.®* One company which used such a service 
achieved a 20-percent inventory reduction after 1 
year, which meant a saving of ^400,000.®® 

These are but some of the computer-based serv- 
ices presently being offered ; others have appeared 
by the score. Banks figure golf handicaps, com- 
pute interest on savings accounts daily inst^d of 
quarterly or semiannually, analyze portfolios, and 
offer financial advisory service on insurance, taxes, 
estate planning, and cash flow. This very incom- 
plete listing in itself would indicate that the nature 
of the product or service offered by the banking 
industry has undergone considerable transforma- 
tion since the advent of EDP. But this is nothing 
compared to some of the visions for the industry’s 
future. 

David Samoff of EGA foresees that each indi- 
vidual will possess : 

... an individual credit card for use anj^here to 
charge his bank account electronically over a world- 
wide data communications network that would link 
up with the telephone systems of all nations. Such 
an arrangement could employ single input units lo- 
cated in all retail establishments— service stations, 
restaurants, hotels, and other public facilities. These 
would be in direct and instantaneous communication 
with a system of banking computers to permit the 
transfer of funds without the many duplicate book- 
keeping and mailing steps that characterize the pres- 
ent credit card system.** 



” Allen, et al., op. oit. 

“ 196S Proceedings, op. cit., p. 151. The bank is the Waterbury 
National Bank, Waterbury, Conn. 

Allen, et al., op. dt. 

Banking, October 1964, p. 54. 

Business Week, October 17, 1964, p. 158. 

^Banking, October 1964. p. 54. 

** 1963 Proceedings, op. oit., p. 151. The bank Is the Waterbury 
National Bank, Waterbury. Conn. 

•^General David Sarnoff, “The Promise and Challenge ot the 
Computer," Address to the Fall Joint Computer Conference, San 



Finally, banlis with computer systems can also 
offer computer-based services to their correspond- 
ent banks, which leads to the impact of automa- 
tion on the industry’s structure and some general 
observations about the effects of automation on 
price, output, and efficiency in banking. 

IV. The Impact of EDP on Price, Output, and 
Efficiency in the Industry 



Of concern is the actual or potential impact of 
EDP on tho industry’s structurcj since this may 
well affect price and output decisions.®® Such an 
impact depends largely on whether all banks can 
obtain access to EDP on emial terms ; or, if all can- 
not, on the significance of the cost advantage to 
those who can. 

Table 1, showing the extent of automation, makes 
it clear that small banks do utilize computers.®* 
If a small bank cannot justify buying or leasing its 
own computer, several alternatives are available 
for obtaining computer services, such as usmg the 
services of a correspondent bank or a service bu- 
reau, or entering into a joint venture with other 
banks or nonbaims. The ABA survey showed all 
these methods to be reasonably popular (see 
table 8) . 



Table 8. Type op Servicing Arrangement for Banks 
Using Opppremise Computer Servicing 



Arrangement 



Percent of banks 



(size in millions in deposits) 







Under 


tio- 


(50- 


ilOO- 


Or^r 


Total: 


AU 


flO 


t6G 


(100 


uoo 


t500 


Number 


226 


88 


108 


19 


9 


2 


Percent 


100 


100 


100 


100 


100 


100 


Correspondent banks 


40 


51 


3 


21 


22 


100 


flprvlpA hiirPAii 


28 


23 


31 


42 


11 




Joint venture with other 














banks 


12 


8 


10 


27 


46 




Computer servicing arrange- 














lYiPTit; fnnTihftTik^ 


3 


1 


5 


5 






Other 


17 


17 


18 


5 


22 



















Source: Banking^ November 1964, p. 107. j 

j 

As might be expected, correspondent arrange- | 
ments are most popular among smaller banks, | 
while service bureaus and joint ventures are more | 
popular among the larger banks that do not own 
their own computer system. However, 22 percent 
of the latter eventually plan to install their own 
computer system. i 



Francisco, October 27, 1964, in Robert V. Head, “Banking Auto- 
mation; A Critical Appraisal,” Datamation, July 1965, p. 27. . 

See also Dale L. Reistad's remarks on the “Technological Revolu- \ 
tion in Banking,” Address to the American Institute of Banking, [ 
New Orleans, June 1, 1965, mimeo. { 

®«See Franklin R. Edwards, “Concentration and Competition , 
in Commercial Banking : A Statistical Study,” research report to 
the Federal Reserve Bank of Boston, 1964. For a critique of 
Edwards* findings, see Theodore Flechsig, “Banking Market 
Structure and Performance in Metro^litan Areas : A Statistical 
Study of Factors Affecting Rates on iBank Loans,** Washington ; 
Board of Governors of the Federal Research System, 1965, chap- 
ter IV. 

^ And those banks which have not automated simply may not 
be faced with competition from an automated bank. 
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While small banks use EDP equipment, the 
question remains whether they use it on the same 
terms as large banks. In theory, a joint venture 
among smallbanks ought to enable them to equal- 
ize any size advantage of large banis, as well as 
force others providing data proce^ing services, 
such as correspondent banks or service bureaus, to 
be conipetitive. In practice, not all small banlis 
are in a position to form joint ventures; but there 
may be enough who can keep the other methods 
competitive. In addition, the market for corre- 
spondent services in general is competitive, and 
correspondent services are universally available.®^ 
No concrete data were found to confirm or dis- 
prove the hypothesis that small banks can obtain 
EDP services on the same terms as large, but those 
in the industry feel that unit costs oi EDP proc- 
essing are nearly the same for all size banks. 
Daleli. Reistad has written : 

With few exceptions, the $5 million bank can avail 
itself of automation on favorable terms through one 
or more means. . . . By 1965 the banking industry 
should be able to make a selection from a line of bank 
computers with special purpose systems adequate for 
small banks— some starting as low as $2,000 per 
month and some even less costly on an hours-used 
basis.* 

On another occasion, Eeistad said : 



I 



I 
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Since 1955 great progress has been made in com- 
puter development, and we have come to regard an- 
nouncements of new computers smaller in size with 
faster speeds and lower price tags as routine. . . . 
The bank that couldn’t afford a sorter-reader in 1960 
can afford an entire computer system today. The 
progress has been that dramatic.** 

In 1963, a bank official said ; 

A few years ago, the benefits of EDP were thought 
to be applicable to big banks only. But in the last 2 
years, the practicality of small bank automation has 
been proved by small banks which have pioneered 
with joint ventures, service bureaus, and correspond- 
ent bank servicing arrangements. In addition, manu- 
facturers, aware of the need, have been devoting a 
lot of attention to the development of equipment 
feasible for the broad market of small banks. Recent 
announcements have been made of small-scale com- 
puter systems suitable for banks in the $25 million 
to $40 million class.” 

Because small banks can obtain EDP services on 
the same or nearly the same terms as lar^e banks, 
EDP should not exert any independent influence 
toward changing the industry’s structure.^^ 



« Garaon and Gootner, op. cit., p. 93. ^ 

*»Dale L. Reistad, Introduction to Automation and the Small 
•ank, op. cit., p. 10. As mentioned above, the ‘ few exceptions 
oted by Mr. Reistad most likely do not face competition from 
utomated banks; otherwise they would try to work out some 
rrangement with those banks, or other small banks faced with 

^.°**R^s’tad, "Technological Revolution In Banking,” 

william R. Synnott, vice president and treasure. The New 
Jrltaln Trust Co., New Britain, Conn., In 196S Proceedings, 



It has been pointed out elsewhere In this paper that data 
processing using conventional methods shows rougmy constant 
returns to scale, at least up to very large volumes. If, then, the 



In the realm of price and output effects, EDP 
also has a potentially large impact on bank serv- 
ice charges, since fees are apparently set at cost.^^ 
Whether or not EDP has been responsible is con- 
jectural, but real service charges per $100 of de- 
mand deposits have remained constant from 1961- 
Gi after a period of steady rise (see table 5) . One 
bank officer, who felt that EDP was responsible for 
preventing a service charge increase in his banlc 
said: 

Our service charge is 10 cents a check .... We’re 
able to continue the 10-cent charge now that we’re 
automated . . . without automation in this bank,^ it 
seemed certain that we’d have to increase the service 
charge.” 

V. The Impact of EDP on Manpower in 
Banking 



EDP should increase the efficiency of the indus- 
try in several ways. Very rapid data transmission 
facilities should eventually reduce float, that is, 
money in transit which is credited to the payee 
before it is charged to the payer.^* Thus, more 
accurate control of the money stock by the Federal 
Reserve Board would be possible. Since EDP 
gives bank management exact information on the 
nature of funds available for investment, reseiwes 
should be utilized more efficiently. In addition, 
trends in withdrawals and deposits quickly become 
apparent, enabling management to predict liquid- 
ity needs better.^® 

To summarize, although no hard data were ob- 
tained, small banks seem to be able to obtain access 
to EDP equipment on terms which do not substan- 
tially alter their position relative to large banks; 
thus EDP should not significantly change indus- 
try structure. EDP should also keep service 
charges down, especially since they are priced 
proportionately to cost. In addition, the banking 
system as a whole should become more efficient- 
float will be reduced, and bank management will 
have better knowledge of actual liquidity and po- 
tential liquidity needs. . , , , 

Employment in banks, both in absolute numbers 
and as a percentage of the labor force, has grown 
steadily throughout the postwar period, despite 



It cost of EDP Is roughly the same for large and smiUl banks , 
t ic. if it shows constant returns to scale, the Impact on 
^iipture will be negligible since relative costs will be unaffect^. 
12 “In the vast majority of banks, the aim In setting service 
irees Is to™ co^r the actual cost of handling deposits, [even 
Si this prlce^^^^ objecUve Is Irratlonof . . . .’ Carson 
d*&ootner op. cit., p. 95. “Generally, large city banks do not 
^ to m^e much In the way of profits on their service charges.” 
liter “Stensteln, "Banking Service Charges,” Quarterly four. 

ttee on Employment and Manpower of 

d Public WeUare, U.S. Senate. July 6, W64, pp. 8460-51. The 
nk Is the Bank of Madison, Madison, Wls. 

M 196S Proceedings, op. ctr., p. 216. 
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the pervasive and far-reaching changes which took 
place. In 1947, employment in insured commercial 
banks was 411,000 or 0.68 percent of the civilian 
labor force.^® In 1964, employment had increased 
to 761,400 or 1.03 percent of^ the civilian labor 
force.” The reason for this increase, of course, 
lies in the tremendous expansion in the amount oi 
banking services supplied. 

Furthermore, as oanking activity continues to 
increase, bank employment should keep step. Pro- 
jections of banking employment were made in 
1962 based on expected population growth and 
continuation of existing trends in checking ac- 
count use.^® These showed bank employment ris- 
ing at an annual average of 4.9 percent between 
1960 and 1965, and 4.7 percent from 1965 to 1975, 
to a total of 1,225,000 in 1975. These projections, 
however, underestimated actual employment in 
1964 (actual 761,400 versus projected 738,800). 
Tlie estimation procedure, in addition, made an 
allowance for the impact of electronic data proc- 
essing (EDP) installation. This resulted in a 
still greater underestimation of actual employ- 
ment in 1964 (actual 761,400 versus projected 
680,900).^® 

T^is cannot be explained vei^ well by positing 
a lag in the adjustment of personnel to the new 
optimum number, since case studies show that the 
major adjustments in personnel take place within 
a relatively short time after the introduction of 
EDP; alsop high turnover in clerical positions 
makes it quite plausible that such adjustments can 
take place rapidly. Nor can higher-than-expected 
employment be explained by an underestimation of 
the spread of automation. It has already been 
pointed out that the great majority of banks with 
more than $50 million in deposits We introduced 
EDP, and these account for apj^roximately five- 
eightlis of total insured commercial bank employ- 
ment.®® In addition, some smaller banks nave 
automated. Thus, well over hilf the industry’s 
employees already work in automated banks. 

A more convincing explanation is that the re- 
cent expansion of banking services, both new serv- 
ices famered by automation and expansion of ex- 
isting services, was underestimated. Thus, an 
autonomous increase in demand for banking serv- 
ices raised employment.®^ 

”U.S. Department of Labor, Bureau of Labor Statistics, Em- 
ployment and Earnings for the United States, 1909-62. 

” Monthly Labor Review, July 1065. 
w Wiener,, op. cit. 

Ibid., pp. 992-994. It was estimated that EDP would reduce 
the projected total employment by about one-sixth. This figure 
was derived by assuming that bookkeepers’ employment (20 per- 
cent of total bank employment) would ne reduced 60 percent and 
that other vulnerable occupations (comprising 30 percent of the 
total) would have their employment reduced 20 percent, ceteris 
paribus. 

Federal Deposit Insurance Corporation, 1963 Annual Report, 
p. 76. 64.5 percent of the Industry's work force are in banks 

with more than $100 million In deposits. 

Autonomous, that Is, to a model which Includes population 
and a time trend as variables to explain demand; the model 
could also include a price variable without helping to explain 
the increase. Which price or prices influence employment the 
most la problematical, but none showed a continual rail in the 
period. 



It may be interesting to speculate whether or not 
this increase will contmue, but as long as the cause 
of the increase is unknown, it must remain specula- 
tion. If it is assumed that there will be no large 
autonomous drop in demand for banking services, 
the projections can be regarded as a minimum. 
Similarly, if the stronger assumption is made that 
demand will stay at me higher level, projectiiins 
will continue to underestimate by the same relative 
amount. But it should be remembered that em- 
ployment was underestimated, not overestimated. 

Not all the jobs created in the banking sector 
represent a net gain in jobs for the economy as a 
whole. New bank employees may be performing 
tasks formerly done by in-house personnel. For 
example, the (ioctor’s billing was formerly done by 
a nurse or secretary, and a firm’s employees pre- 
pared its payroll. TVlien the bank takes over a 
function, the doctor or the firm may reduce its staff. 
However, this is not necessarily the case when serv- 
ices are contracted out, and. to the extent that em- 
ployees are kept on and given additional duties, 
new jobs are created.®® 

Aggregate employment statistics tell little about 
the actu^ impact of EDP on jobs and job require- 
ments. The most concrete data concerning impact 
on jobs come, naturally, from case studi^, and they 
show that the most vulnerable occupations are^ as 
might be expected, those involving routine clerical 
work, especially bookkeeping and proof-machine 
operation.®® At one large branch bank which in- 
stalled EDP equipment, the number of book- 
keepers fell from 600 to 150 within a year and a 
half, even though the number of branches increased 
by 25 percent during the same period.®* At a small 
branch bank which employed 43 bookkeepers prior 
to the introduction of EDP, the jobs of bookkeeper 
and proof -machine operator were completely elimi- 
nated.®® At a large unit bank, the clerical staff be- 
fore conversion te computer bookkeeping num- 
bered 2,918, including 211 in commercial book- 
keeping and 51 in trust tabulating. Two years 
later the total clerical staff numbered 2,958, but 
only 100 were in the commercial bookkeeping de- 
partment and 31 in trust tabulating.®® It is esti- 
mateci that one-half the workers currently in the 
banking industry may be in moderately or highly 
vulner^le occupations.®^ 

"l^ile bookkeepers and proof-machine operators 



. termination of employees [who perform billing In 
doctors* oflaces] seems to be rare ....** Allen, et aZ., op. ciU 
^ Proof of deposit is “basically an operation In which the Items 
deposited are relisted and their amounts totaled to determine the 
accuracy of the total listed on the deposit slips. Proof machines 
are sorting machines which keep track of the total numbers and 
dollar amounts of the items sorted .... They are used to sort 
checks and other items.** Stanford Research Institute, op. cit., 
p. A 22. Proof-transit operations combine proof operations with 
the preparation of items for the bank's own bookkeeping depart- 
ment or for sending to other banks or clearinghouses, 
wjbid., p. A 14. 

A19. 

“ Proceedinffs, op. cit., p. 48. The bank is the First Na- 
tional Bank of Chicago. 

^Wiener, op. cit., pp. 992-994. For the method of estimation, 
Svie footnote 79. 
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have been disappearing, new occupations have 
been created. The list of new job titles would 
I sound quite foreign to the ears of a banker of a gen- 
I eration ago: Encoders, reader-sorter operators, 

I data control clerks, computer operators, key- 
I punch operators, computer room supervisors, pro- 
gramers, and systems analysts. The work done by 
the 460 bookkeepers eliminated at the large branch 
bank is now done by 122 people in the data proc- 
essing center. Eventually about 16 people in the 
center will do the work of 40 savings bookkeepers.®® 
The net effect of installing EDP at that bank will 
be to reduce the total staff needed to handle the pre- 
: conversion volume of business by 6 to 7 percent, 

i At the small branch bank there was a drop from 
I 76 to 66 in the number of people employed m data 
I processing jobs in 2% vears. It is estimated that 
I 100 people would have been required to process the 
increased volume of business with the older 
methods.®® 

I It is a commonly held notion that “computeriza- 
I tion” has upgraded the skill mix in banking. F or 
I example, a former president of the American 
I Bankers Association has said that automation 
I means that “better jobs are created requiring 
I higher degrees of skill and Imowledge, and a great 
I many bormg repetitive clerical positions pe elim- 
inated.” There is some merit m this claim. The 
number of tedious data processing jobs has been 
cut, and they make up a smaller proportion of the 
total banking work force. New jobs, such as sys- 
tems analyst and programer that require a much 
higher skill level than the old data processing jobs, 
have been brought into existence. Jobs pertaining 
to some of the new, customer-oriented services, 
many of them still in the planning stage, may be 
more interesting than the older jobs. Neverthe- 
I less, it would be misleading to assume that a mas- 
sive upgrading will take place, for a large propor- 
tion of jobs created up to this point are relatively 
low rated. Encoders are a case in point : Encoding 
“is a low-grade job which is easily and quickly 
learned, requiring only the ability to operate a 
10-key keyboard.” At one bank, ‘‘Due to the 
simphcity of operator training for single pocket 
proof encoders, the job, as related to our job evalu- 
ation scale, has been downgraded three ^ades and 
reduced from an averageoase of $68 to $63 per 
week.” ^ An EDP clerk is only “a slightly higher 

grade position than that of encoder. . . .” ®® At 
the large branch bank referred to above, approxi- 
I mately 70 percent of the jobs created were low 
rated, while at the small branch bank they com- 
prised around 60 percent of the new jobs.®^ 



7 

I 

I 



*» Stanford nesearch Institute, op. cii., pp. 13-16. 



»JbW.. p. B12. 

*0 William 

i Research insti 

. .’oceedinga, op. cit., p. — — 

5 W Haven National Bank of New Haven. Conn 



P. Kelly, 196S Proceedings, op. cit.,p. 34. 

The bank was the First 



william D. j^oiiy, x»oo x-»uu-cc«»7n/o, 
“ Stanford Research Institute, op. dt. 
^196S Proceedings, op. cit., p. 131 



“Stanford Research Institute, op. cit., p. A-17 
Calculated from data In ibid,, pp. A— 16, A-17, and B— 14. 



Duties of supervisory pers^ 'inel have clearly 
been affected by automation. The operations of- 
ficer who formerly supervised clerical work on a 
fuU-time basis often mds these duties take only 
part of his time, leaving hiin free to devote time 
to, say, public relations. Similarly, the branch 
manager who previously spent much of his time 
competing reports for central management and 
generally “keeping shop” now has time free to con- 
centrate on less routine matters. ^ “One major bene- 
fit to be derived from automation ... is the re- 
moval of the shackles of running a paper process- 
ing workshop so as to permit you to become bank- 
ers again.” ®® 

The establisliment of a central data processing 
center plainly sliifte the place of work for data 
processing jobs. For example, part of the work 
now handled in the center was formerly done by 
branch bank tellers before or after “banking 
hours.” If, as a result, tellers must now work only 
during banking hours, their jobs could conceivably 
become part time which would open them to new 
sources of supply (e.g., married women) .®®^ A 
trend toward more part-time tellers already exists. 
A large automated California branch bank has 30 
percent more part-time tellers now tlian 6 years 
ago, and would like to make two-thirds of its teller 
force part time.®^ EDP has also virtually elimi- 
nated overtime in data processing jobs, which used 
to occur frequently for demand deposit account- 
ing.®® 

Tlie personnel turnover, together with the new 
jobs made necessary by the industry’s growth, im- 
mensely facilitates the adjustment of manpower to 
the new optimum and enables that adjustment to 
be made relatively quickly. There are abundant 
case histories of automating banks which, because 
of high turnover and growth, were able to estab- 
lish the policy that no employee would lose his job 
as a result of automation.®® 

Staff reduction is not a problem. Most banks have 
sufficient attrition to take care of personnel reduc- 
tions within a very short time, even the very small 
banks. The conversion of demand deposit accounting 
to computer processing resulted in personnel reduc- 
tion of 7 to 10 percent of the total staff in each of 
our banks. Most banks will experience this much 
turnover within a few months.^ 

Bank officials think the new equipment will cut 
the turnover rate by eliminating many of those 
jobs where turnover was highest.® As one banker 

“ Dale L. Rdstad, address before the 67th Annual Convention 
of the Nebraska Bankers Association, Lincoln, Nebr., May 7, 1964, 
mimeo. 

“ See Stanford Research Institute, op. cit., pp. A-7, A-10. 

“ Wall Street Journal, Aug. 3, 1965. 

*» Stanford Research Institute, op. cit., pp. 16, 19 ; 196S PrO‘ 
ceedings, op. cit., pp. 127, 131. 

“See, for example, Stanford Research Institute, op. cit., pp. 
A-19, A-20, B-12; 196S Proceedings, op. cit., p. 33; Nation’s 
Manpower Revolution, op. cit., p. 3448. 

1 William R. Synnott, vice president and treasurer, New Brit- 
ain Trust Company, New Britain, Conn., 1964 Proceedings, p. 181. 
Emphasis in original. 

^Jbid., p. 284. It should be added that there is some indica- 
tion of a tight labor market for those jobs at this time. 
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put it, “As we look at many of the functions the 
computer is performing, we find that these were 
jobs which were becoming increasingly more diffi- 
cult to fill and which had the highest rate of turn- 
over because of their routine, tedious nature.” ® In 
one case, the turnover rate in the transit area was 
cut 50 percent after automatic equipment was in- 
stalled.* A caveat should be entered here, how- 
ever. Many of the old jobs were held by young 
women who have relatively high involuntary^ turn- 
over rates.® The turnover rate after EDP instal- 
lation will be lowered only insofar as the voluntary 
turnover rate is lowered (because of less tedious 
work) and less hiring is done in age-sex groups 
with high involuntary turnover rates. But if new 
jobs are staffed with young, female high school 
graduates, it is quite possible that turnover rates 
will remain high. 

In sum, bank employment has increased relative 
to the labor force, and should continue to increase. 
The increase has exceeded expectations, probalDly 
because demand for banking services is rising 
faster than its long-term trend. Bank employ- 
ment should continue to increase, since the growth 
of demand for banking services should create jobs 
faster than EDP installation can eliminate them. 
This conclusion is buttressed by the fact that well 
over half the industry’s employees are working in 
banks already automated; therefore, many of the 
jobs vulnerable to EDP have already been 
eliminated. 

Experience has shown that EDP does not lead 
to a vast upgrading of skill requirements. New 
skills are necessary, in some instances highly com- 
plex skills, but the majority of the new jobs do not 
use skills more demanding than present ones. The 
work force may be composed of more part-time 
workers, and the high turnover, which eased ad- 
justment to the new equipment, may or may not 
fall significantly, depending on the characteristics 
of the new work force. 

VI. Legal Obstacles to Technological Change 
in Banking 

The benefits of recent technological advances in 
banking have not been fully realized because of 
legal obstacles. There is little or no need, for ex- 
ample, for highly elaborate debt and equity cer- 
tificates which computers fibid hard to process.® 



•Alfred E. Langenbach, vice president of the First National 
Bank of Chicago, ProceedinoBf op. cit., p. 49. 

Proceedings, op. cit., p. 127. The bank is the lowa-Des 
Moines National Bank, Des Moines, Iowa. 

« Involuntary turnover refers to a woman’s leaving because of 
marriage, pregnancy, or a husband's transfer, among other 
things. 

•See Dr. Anthony C. Oettinger, chalrmani Committee on the 
Harvard Computer Center. Cambridge, Mass., 196i Proceedings, 
op. cit,p. 40; and John A. Mattmiller, vice president, Northern 
Trust Co., Chicago, 111., 196^ Proceedings, op. cit., p. 93. 



Checks, regardless of amount, are presently stand- 
ardized for EDP machines, and only State laws 
and regulations of organized stock exchanges pre- 
vent standardizing d^t and e<juity certificates. 

Certified checks are another instance of a model- 
T on an expressway. Bothersome and superfluous, 
they do not easily fit into automated systems, since 
the MICK account number on the check must be 
obliterated in order for the check not to be charged 
against the writer s account in the normal sortmg 
proces.^. And certified checks are not a necessary 
evil, since a cashier’s check provides equally good 
assurance that the check will be honor^. Unfor- 
tunately, several Government statutes and regula- 
tions still require payment by certified check.'^ 

Up until 1962, in 21 States small national banks 
were at a competitive disadvantage to small State 
banks. At that time laws of those States per- 
mitted State banks to invest in a bank services 
corporation; that is, to set up an EDP center 
jointly with other banks, none of which had 
enough volume individually to justify a computer.® 
The Banlc Service Corporation Act of 1962 ex- 
tended this privilege to national banks, but with 
the provision that : “No bank service corporation 
may engage in any activity other than the per- 
formance of bank services for banks.” ® Tliis sec- 
tion of the law has been interpreted differently in 
different places. Some have taken it to mean that 
banks may not use these centers to perform any- 
thing other than the more or less traditional bank- 
ing function ; e.g., statistical inventory control can- 
not be performed. Others interpret any service a 
bank offers as being ipso facto a bank service. 
Since the State laws do not contain this clause, the 
national banlcs which choose the narrow interpre- 
tation are handicapped. 

A bill was introduced in the House of Repre- 
sentatives in 1963 and again in 1965 which would 
clarify this ambiguity by prohibiting all banks 
(not just those in bank service corporations) from 
performing 

any clerical, administrative, bookkeeping, account- 
ing, or otiier similar service for their depositors, bor- 
rowers, or other customers except to the extent that 
such services are a necessary incident to the proper 
discharge of lawful functions of such bank as a de- 
pository, lender, trustee, or ageut.“ 

Public accountants and computer service bureaus, 
whose services are competitive with some of the 
bank’s customer services, actively supported this 



’’ For example, 19 U.S.C. § 198. Credit for this reference Is due 
to Roy N. Freed, Esq., 19 Proceedings, op. cit., p. 400. 

^National Bank Legislation, Hearings Before Subcommittee 1 
of the Committee on Banking and Currency, House of Representa- 
tives, July 19, 1902, pp. 38, 66. 
f>V.8.0., Sect. 1861-65. ^ ^ 

“H.R. 9548, 88th Congress, 1st sess. ; reintroduced as H.R. 
112, 89th Congress, 1st sess. 
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bill. As written, the bill raises numerous problems 
of interpretation, but its intended effect is clearly 
to prevent banks from offering many of the new 
services described above. As such, it must be re- 
garded as a potential obst^le to full realization of 
the technological change in banking. 

Conclusion 

Banking is a fruitful subject in a study of the 
adjustment of an industry to technolomcal change, 
because such change has been rapid and wide- 
spread in the industry. The change has basically 
been in the techniques used to process financial 
data; specifically, new machines process such data 
with more speed and less manpower. The funda- 
mental reason that banks have adopted the new 
teclmology was not because conventional machines 
were impractical for meeting the increased de- 
mand, but because the new machines were a cost- 
saving innovation. In addition, bante could offer 
a mu^ wider range of customer services, and spe- 
cialized services are the main vehicle of competi- 
tion in the industry. The wider range of services 
has already substotially altered the industry’s 
roduct^ and even more radical changes are now 
eing discussed and planned. Since aU size banks 
appear to have access to the new equipment on 
nearly equal terms, the innovations should have 
little effect on the ^ructure of the industry. Bv 
improving the^ speed and accuracy with which 
banks can obtain information, the banking system 
should become more efficient— float will be reduced 
and potential liquidity needs and fund'=' available 
for investment will be predicted with grerter accu- 
racy and cexiiainty. Service charges will be kept 
lower. Thus, there are real social benefits from 
the new technology. At the same time, because of 
the growth m demand for banking services and 
high turnover, most of the necessary personnel 
adjustments can be made through attrition hiring, 
which keeps the social costs of displacement low. 



Care should be taken not to overemphasize the 
nature of the skills required to man the new ma- 
chines. New jobs have indeed been created which 
need highly sldlled personnel, but the majority 
do not fall into this category. There has also been 
modification of some old jobs so that they are not 
as routine, and, in some instances, they do not re- 
quire full-time personnel. Certam anachronisms 
of a legal nature still prevent banks from fully 
utilizing the new technology. One is the non- 
standardized debt and equity certificate; another 
is the use of the certified check. 

"piis stuay has presented concrete details of 
adjustment to technological change of a single 
white-collar industry. ^ Nevertheless, analogies to 
banking can be found in closely related sectors of 
the economy. In this period, for example, insur- 
ance has shovm many of the same characteristics, 
with the number of insurance policies increasing 
rapidly and employment rising steadily, despite 
the widespread mtroduction oi EDP.” In gen- 
eral, e^eriences with the introduction of EDP 
into offices show similarities to banking. Tlie 
number of employees needed to process a given 
output falls, although a small number of better 
paid positions are created. There is no strong up- 
fading nor downfading of the work terce. 
Workspace is saved, and management receives 
more information on operating conditions. Per- 
sonnel adjustments are usually made without ex- 
tensive layoffs.^^ 

Studies of other white-collar service industries 
might reveal additional similarities. But that 
m.ust await future research. 



^See U.S. Department of Labor, Bureau of Labor Statistics, 
Technological Trends in S6 Major American Industries, ujpdated, 
pp. 100-101 ; and ibid.. The Introduction of an Electronic Oom- 
puter in a Large Insurance Oomponi/, October 1965. 

12 See U.S. Department of Labor, Bureau of Labor Statistics, 
Adjustment to the Introduction of Office Automation, May 1960 ; 
lllchard W. Rlcke and James B. AUlston, “Impact of Office Auto- 
mation In the Internal Bevenue Service," Monthly Labor Review, 
April 1963, pp. 388-393 ; and Floyd C. Mann, “Psychological and 
Organizational Impacts," in Automation and Technological 
Ohange, ed. John T. Dunlop; Englewood Cliffs, N.J. : Prentice- 
Hall, 1962. 
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Relationship of Bisk to Investment 

We can make the ideas expressed in section I regarding the relationship of risk to investment 
more formal. Risk is normally thought of as the variance in a distribution of expected profits or 
losses — the higher the risk, the larger the variance. Let a and b be the limits on losses and gain, 
let X be a random variable taking the values of the various outcomes (a^x^^b). X can be appro- 
priately discounted. Let f (x) be the probability distribution of outcomes, g(x) the utility or disutil- 
ity of various outcomes, and c the cost of the investment. Assume c fixed for now, and assume f(x) 
is not correlated with bank size. Then the bank invests if its expected utility, a»^b f(x)g(x)dx>0, 
where g(x):^0 for x:^c and g(x)>0 for x>c. We have made an assumption about g(x) for small 
banks and large banks which means that for a given f (x) and a given c, the integral is more likely 
to be positive for large banks than small banks. Specifically, the assumption is that for small banks 
g(x) has a larger negative value (for x<c) relative to the. positive value (for x>c) for each pair 



of c±x than is the case for large banks (i.e., 



g(x) (x<c) 



for small banks> 



g(x) (x<c) 



g(x) (x>c) 



for 



Jg(x) (x>c) 

large banks for each pair of c±x.) Hence, the conclusion that large banks will invest first. 

If c varies directly with the size of the bank, this conclusion is not as tidy. Fortunately, the 
assumption of c constant seems to be a reasonably valid one for the late 1950’s and early 1960’s, which 
was when risk was large enough to be a significant factor in determining what size bank automrted. 

If c is smaller for small banks, the maximum loss is lower, and this may reduce the element which 
tends to make the integral negative. (It does not reduce the negative element if, at the same tim'', 
the probability of small losses is increased significantly.) But the smaller investment may also 
reduce the probability of the large values of gain. (This would be the case if the small bank could 
apply its large EDP system to many profitable areas, but cannot apply its small EDP system to all 
those areas, but it is not so if the large computer could not be completely utilized by the small bank, 
since the possibility of relatively large gains in that case would not be present from the start) . In 
other words, the variance is likely to be less on a small system. Whether the reduction in variance 
is enough to oftset the greater aversion of small banks to any given variance is an empirical question. 
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Technological Change in Primary Steelmaking in the 

United States, 1947-64 



L The Nature and Impact of Changes in Steelmaking 



I Steelmaking starts with metallic iron in the form 
1 of hot or cold pig iron from blast furnaces or 
I iron and steel scrap. The steel furnace, which 
I produces molten steel, uses one or more of these 
I materials, sometimes with small quantities of 
others. Three types of steel furnace are in com- 
mon use today: Open hearth, oxygen converter, 
and electric furnace. The open hearth uses molten 
I pig iron (hot metal), cold pig iron, and scrap m 
! varying proportions; the oxygen converter uses 
about 75 percent hot metal and 25 percent scrap ; 
and the electric furnace ordinarily uses an all- 
I scrap charge. 

! Some types of steel are processed by vacuum de- 
i gassing as they come from the furnace. The steel 
I IS then cast into a solid shape by one of several 
i methods. In conventional casting^ the steel is 
I poured into an ingot mold. When it is solidified, 
the mold is stripped off and the ingot is placed in 
, a soaking pit, heated, and taken to a blooming mill 
; to be rdled into a semifinished shape.^ In con- 
tinuous and pressure casting, the steel is cast di- 
rectly into a semifinished ^ape. A small pro- 
portion of all steel goes directly to the foundry to 
produce cast steel products. Most steel, however, 
IS made into semifinished shapes ready for the 
hot rolling mill.^ 

Steelmaking is only a^ part of the oprations of 
integrated steel companies, which perform a com- 
plicated sequence oi productive lunctions. Al- 
though most of the product passes from stage to 
i stage within single firms and do^ not enter the 
market, a comparison of approximate prices of 
intermediate products gives some indication of the 
relative importance of the different stages. (See 
table 1.) 

Other steel company products are more highly 
I finished or processed further, and are correspond- 
ingly higher priced. Alloy and stainless steels, 

I a minor fraction of total output, require more 
j expensive ingredients and in some cases more 

1 A technical description of steelmaking processes may be ^und 
i In The Making, Shaping, and Treating oj Steel, 8th ed., Pitts- 
burgh, United States Steel Corp., 1964. 



costly processing, and sell for liigher prices. As 
a rougn approximation, steelmaking strictly de- 
fibued accounts for about one-tliird or one-quarter 
of the market value of products sold by a typical 
integrated steel company. This study deals with 
technological change in this limited segment of 
the steel industry. 



Table 1. Appboximate Pbiceb op Intebmediate Steel 

Pboducts 



Product category 


Approximate 
published price 
per ton^ 


I. Metallic Inputs to steel furnaces : 
nip iron (coldii- 


$60. 00-$64. 00 
$35. 00-$39. 00 
$30.00 


Hot metal (estimated intrafirm value, 

no published price quotations) 

Steel' scrap, grades commonly used 
in stGOlmakiDg i 


II. Steel from furnace, with little or no proc- 
essing : 

Ingots - 


$80. 00-$82. 50 
$84. 00-$130. 00 

$111. 00-$130. OO 




III. Steel products commonly sold : 

Hot-rollpd nroductSi- ^ -r 


Cold-rolled and cold-finished prod- 
ucts 


$130. 00-$153. 50 



1 Market prices are published weekly In the trade publications 
The Iron Age and Steel. The prices here are from Steel, Nov. i, 



In the 1930’s and 1940’s open-hearth furnaces 
produced 90 percent of the United States’ supply 
of steel. This share dropped to less than 75 per- 
cent in 1965 and will be not far from 60 percent 
when new steel furnaces now ordered or under 
construction are completed. If the present rela- 
tion between capital and operating costs of com- 
peting furnace types does not change radically, no 
new open hearth furnaces will be built, and exist- 
ing ones, even the most modem and efficient, will 
be gradually retired and replaced.^^ 

Oxygen converters have been in operation in 
this country since 1954, and their cost advantage 
over the open hearth has been conclusively demon- 
strated. From about 1961 the use of the new 



9 Final Report on Technical and Economic Analysis of the Im- 
pact of Recent Developments in Steelmaking Practices on the 
Supplying Industries, Columbus, Ohio ; Bat^lle Memorial Insti- 
tute, Oct. 30, 1964. (Referred to below as Recent Developments 
in Steelmaking Practices.) 
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type of furnace has spread rapidly, and most large 
scale steel plants with their own blast furnaces 
will install oxygen converters for expansion and 
to replace worn-out or obsolete open hearths. 

Because oxygen converters require hot metal 
as a major part of their metal supply, the supply 
of ore and the capacity of blast furnaces to pro- 
duce hot metal sets a theoretical limit to their in- 
creasing use. However, blast furnace output in 
recent years has been great enough for oxygen 
converters to supply about three-quarters of total 
steel output at current scrap ratios. The avail- 
ability of low priced steel scrap may set an eco- 
nomic limit to the use of oxygen converters because 
current types will accept only limited amounts 
of scrap. 

Electric furnaces, however, work efficiently on a 
100-percent scrap charge, and because scrap is at 
present substantially cheaper than hot metal, elec- 
tric furnaces are the lowest cost type of new steel- 
making equipment in many places. Electric fur- 
naces have also been used for making alloy, stain- 
less, and specialty steels, since the quality of the 
product can be controlled with precision. Be- 
cause the cost disadvantage of small scale opera- 
tion is less for electric furnace shops than for other 
types, the electric furnace offers further economic 
advantages in local or specialized markets. 

The proportions of oxygen converter and electric 
furnace capacity to be installed in the near future 
will be strongly influenced by the market supply 
and price of scrap. Some of the large companies 
now adopting oxygen converters are also adding 
electric furnace capacity^ and a number of small 
open hearth shops are being converted to the elec- 
tric process. A few steel f^ricators have found it 
profitable to install electric furnaces and produce 
their own semifinished steel instead of buying^ it 
from larger steelmakers. Thus, continued in- 
crease in the number of scrap charged electric 
furnaces would pose several important questions : 
At what point will increased demand begin to 
push up prices? How much more scrap can be 
made available before price rises wipe out the cost 
advantages of electric furnaces? To what ex- 
tent can oxygen-converter operators learn to in- 
crease scrap ratios? How many old open hearths 
will continue to operate, their other disadvantages 
offset by their ability to use large proportions of 
cheap scrap in their charges? How much can the 
cost of hot metal be lowered by further improve- 
ments in ore processing and blast furnace opera- 
tion ? The answers to these questions will in good 
part determine the share of the electric furnace in 
U.S. steel production. The share may well be sub- 
stantially higher than the present 10 percent (see 
table 2) ; it is not likely to grow to 50 percent. 

An important, but at this stage imponderable, 
influence on these shares will also be felt as two 
new processes, continuous casting and pressure 



casting, are adopted in more steel shops.^ These 
innovations, particularly continuous casting, are 
well-suited to both oxygen converters and electric 
furnaces, and are included in the design of many 
of the new steelmaking facilities currently being 
planned. They will probably hasten the pace of 
change, because the construction of completely 
new, integrated plants embodying all available im- 
provements and innovations apparently has ad- 
vantages over a piecemeal introduction of changes 
in existing plants. Therefore, within a few years, 
a fairly substantial share of the Nation’s steel ca- 
pacity will be in the form of large units with new 
furnaces and continuous casting facilities. 

Table 2. U.S. Steel Production, With Peopoetion.s 
Produced by Various Types of Furnaces ^ 



Year and month 


Production 
(1,000 tons) 


Percent produced in— 


Open 

hearth 


Oxygen 

converter 


Electric 

furnace 


1965: May 


12,012 


73.3 


16.3 


10.1 


AprU 


11,966 


73.2 


15.8 


10.4 


March 


12,317 


73.5 


15.4 


10.4 


February 


10,866 


73.6 


15.5 


10.2 


January- 


11,830 


74.2 


15.3 


9.8 


1064; December 


11,612 


74.2 


15.4 


9.7 


November 


11,292 


75.1 


14.4 


9.9 


October 


11,568 


76.5 


13.0 


9.9 


September 


10,669 


76.3 


12.4 


10.6 


August 


10,515 


76.5 


12.6 


10.1 


July 


10,106 


77.3 


12.3 


9.7 


June 


10,185 


77.6 


11.9 


9.8 


May 


11,060 


77.9 


11.8 


9.6 


April 


10,660 


78.2 


11.1 


10.0 


March 


10,497 


78.9 


10.5 


9.9 


February 


9,485 


79.5 


9.6 


10.1 


January 


9,526 


79.1 


9.7 


10.4 


1063 


109,261 


81.3 


7.8 


10.0 


1962 


98,328 


84.4 


5.6 


9.2 


1961 


98,015 


86.2 


4.0 


8.8 


1960 


99,282 


87.0 


3.4 


8.4 


1959 


93,446 


87.4 


2.0 


9.1 


1958 


85,255 


89.0 


1.6 


7.8 


1957 


112,715 


90.2 


.5 


7.1 


1956 


115,216 


89.3 


,4 


7.5 


1955 


117,036 


90.0 


.3 


6.9 


1954 


88,312 


91.0 




6.2 


1953 


111, 610 
93,168 
105,200 
96,836 
77,978 
88,640 
84,894 


90.0 
88.9 
88.6 

89.1 

90.1 

89.5 

90.6 




6.6 

7.3 

6.8 

6.2 

4.9 

5.7 

4.5 


1959 




1951 




1950 , 




1949 




104R 




1947 









1 Small amounts of Bessemer steel are not included in this table. 

Sources: Monthly figures from Steel, fourth issue of each month. 

Annual figures from Annual Statietical Report, American Iron and Steel 
Institute, 1963. 

These new casting processes substantially reduce 
the minimum investment in equipment required 
to convert steel from the molten product of the 
steel furnace into semifinished forms ready for 
the rolling mill. It is therefore possible for small 
steel producers to enter the industry with a com- 
paratively small investment by installing small 
electric nirnaces in combination with continuous 
casting machines ; and a number of fimM have done 
so. "TOile their share of total output is now little 
more than negligible, their existence significantly 
affects the competitive characteristics of the steel 
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